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METHOD AND APPARATUS FOR PRODUCING
SOFTWARE

RELATED APPLICATIONS

[0001] This application claims the benefit under Title 35
U.S.C. §119(e) of co-pending U.S. Provisional Application
Serial No. 60/323,848, filed Sep. 21, 2001, entitled
“METHOD AND APPARATUS FOR PRODUCING SOFT-
WARE” by Sung-Hee Do et. al., and U.S. Provisional
Application filed Feb. 1, 2002, entitled “SYSTEM AND
METHOD FOR DETERMINING AN IMPLEMENTA-
TION AND TESTING SEQUENCE OF SOFTWARE” by
Sung-Hee Do et. al., and is a continuation-in-part of appli-
cation Ser. No. 09/731,678, filed Dec. 6, 2000, entitled
“METHOD AND APPARATUS FOR PRODUCING SOFT-
WARE” by Sung-Hee Do, Nam Pyo Suh, Robert Joseph
Powers, and Derrick Edward Tate and which is now pend-
ing, and the contents of the aforementioned applications are
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The invention relates generally to software sys-
tems, and more specifically to a system and method for
designing and producing software code.

BACKGROUND

[0003] There are many different methods for producing
software. Programmers design and program software manu-
ally in some type of programming language such as C, C++,
Java, C# (C-Sharp), and by using a software design tool such
as those available from the Rational Software Corporation.
There are problems with traditional methods of software
design, in that the quality of code produced by traditional
methods generates flawed software components because of
human error. Further, when these components are modified,
the software design needs to be retested, as there are
typically relationships between components that have been
modified and other components that access them. Also,
individuals may develop certain code components that can-
not be reused in later projects.

[0004] Object-oriented software is typically produced by
programmers who have predetermined ideas regarding how
a software system should be designed. These programmers
determine, in an ad-hoc manner, the structure of classes (or
class hierarchy), and this structure may not be optimal.
Current software tools and design methods, such as those
available from the Rational Software Corporation and mod-
eling standards such as the Unified Modeling Language
(UML), allow programmers to diagram object hierarchies
and show interactions between objects. These tools and
methods are more fully described in the book entitled “The
Unified Software Development Process” by 1. Jacobson, et
al., Addison-Wesley, Upper Saddle River, N.J. (1999), incor-
porated by reference herein in its entirety. However, these
tools are merely diagramming tools, requiring analysts to
manually determine object structure features. That is, these
tools only produce software architecture designs as good as
the information input to the tools by programmers.

[0005] Additionally, as demand for software applications
suited for a very particular task increases, the need to
develop software rapidly and inexpensively becomes very
important. Conventional programming methods are ad hoc

Nov. 14, 2002

methods that require the developer to modify previously
written code based on changes or errors in subsequent code.
Modifying previously written code adds to the time of a
project and consequently increases costs.

[0006] Also, the design and production of quality software
is a typically a long-term process involving design, coding
and testing periods. Because software production cycles
must decrease to meet shorter design schedules, it would be
beneficial to have a software system and method that pro-
duces code in an error-free, efficient, and expedient manner.
Also, it would be beneficial to be able to reuse software code
between projects. In summary, existing methods for produc-
ing software are non-optimal, resulting in increased cost of
development, high maintenance costs, limited reusability,
extensive debugging and testing, and poor documentation.

SUMMARY OF THE INVENTION

[0007] Conventional methods of designing and imple-
menting software applications often lead to lengthy devel-
opment cycles and consequently high cost, due to the
iterative nature of such methods. For example, a developer
may make a modification to one component of the applica-
tion which requires him to make many other modifications
in many other completed components of the application.

[0008] Further, software design is not optimized because
software design processes are performed by humans using
non-optimizing processes. For example, individuals may
develop individual components of code that perform redun-
dant functions, exchange unnecessary information, or
depend on other components in an inefficient manner. For
example, repetition of function from one object to another,
high degree of interaction between objects, unnecessary
message passing, and other design mistakes resulting from
human error each contribute to flawed software design.

[0009] According to one aspect of the invention, a method
is provided for developing software, comprising acts of
determining a coupling between a plurality of elements of a
software design and determining a sequence of implemen-
tation of the plurality of elements based on the coupling. In
one embodiment of the invention, coupling is determined by
examining off-diagonal elements of a software design matrix
of a software design equation.

[0010] According to another aspect of the invention, a
method is provided for developing software, comprising acts
of determining a coupling between a plurality of elements of
a software design and determining a sequence of testing of
the plurality of elements based on the coupling. In one
embodiment of the invention, coupling is determined by
examining off-diagonal elements of a software design matrix
of a software design equation.

[0011] According to another aspect of the invention, a
method is provided for reverse-engineering a plurality of
computer-based instructions. The method comprises: a)
determining, during a first parse of a first source code, a
structure of at least two object-oriented software objects
represented by the code, b) determining, during a second
parse of the first source code, a relationship between objects,
and c¢) determining, according to acts a) and b), a represen-
tation of the first source of code in a design equation relating
design goals and implementation of the design goals in a
design matrix.
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[0012] According to another aspect of the invention, a
method for designing object-oriented software is provided,
the method comprising providing a software design matrix
describing a relationship between one or more functional
requirements and one or more design parameters and iden-
tifying at least one object-oriented class as being defined by
a portion of the software design matrix.

[0013] According to another aspect of the invention, a
method for designing software is provided comprising iden-
tifying one or more functional requirements of the software,
identifying design parameters to meet the functional require-
ments and decomposing the functional requirements and the
design parameters.

[0014] According to another aspect of the invention, a
method for designing software is provided comprising rep-
resenting a software system in a design matrix relating
design goals and implementation of the design goals and
linking the design goals to the implementation, wherein a
change in the design goals produces a change in the imple-
mentation.

[0015] According to another aspect of the invention, a
method for designing software is provided comprising rep-
resenting a software system in a design matrix having a
plurality of elements, the design matrix relating design goals
and implementation of the design goals and identifying a
portion of the software system that is suitable for reuse by
identifying one or more elements that are independent of
other elements in the design matrix.

[0016] Further features and advantages of the present
invention as well as the structure and operation of various
embodiments of the present invention are described in detail
below with reference to the accompanying drawings. All
references cited herein are expressly incorporated by refer-
ence.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] This invention is pointed out with particularity in
the appended claims. The above and further advantages of
this invention may be better understood by referring to the
following description when taken in conjunction with the
accompanying drawings in which similar reference numbers
indicate the same or similar elements.

[0018]

[0019] FIG. 1A is a block diagram illustrating concepts of
domain, mapping and spaces;

[0020] FIG. 1B is a block diagram showing different types
of design matrices;

[0021] FIG. 1C is a block diagram showing different types
of junctions;

[0022] FIG. 1D is a block diagram showing different types
of system architecture;

[0023] FIG. 1E shows a general purpose computer system
upon which various embodiments of the invention may be
practiced,;

[0024] FIG. 2 shows a system capable of reverse engi-
neering a source of code in accordance with one embodi-
ment of the invention;

In the drawings,
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[0025] FIG. 3 shows an example package hierarchy rep-
resented by FR/DP pairs in accordance to one embodiment
of the invention;

[0026] FIG. 4 shows an example design equation accord-
ing to one embodiment of the invention;

[0027] FIG. 5 shows a process for reverse engineering
code according to one embodiment of the invention;

[0028] FIGS. 6A-6C show steps involved in processing
code in accordance with various embodiments of the inven-
tion;

[0029] FIG. 7A shows a class structure of an internal

representation in accordance with one embodiment of the
invention;

[0030] FIG. 7B is an example of an object diagram of a
data structure according to one embodiment of the inven-
tion;

[0031] FIG. 8 shows various output possibilities of a

reverse engineering system according to various embodi-
ments of the invention;

[0032] FIG. 9A is an example of a design equation
according to one embodiment of the invention;

[0033] FIG. 9B shows a conventional flow diagram asso-
ciated with the design equation of FIG. 9A;

[0034] FIG. 9C shows a Gantt chart associated with the
flow chart in FIG. 9B;

[0035] FIG. 10A shows an example of a design equation
according to one embodiment of the invention;

[0036] FIG. 10B shows a flow diagram associated with
the design equation of FIG. 10A in accordance with one
embodiment of the invention;

[0037] FIG. 10C shows a Gantt chart associated with the
flow chart of FIG. 10A;

[0038]

[0039] FIG. 12 shows an example flow chart illustrating a
sequencing of components associated with the design equa-
tion of FIG. 11 according to one embodiment of the inven-
tion;

[0040] FIG. 13 shows an example flow chart illustrating
sequencing and dependencies of components associated

with the design equation of FIG. 11 according to one
embodiment of the invention;

[0041] FIG. 14A is an example of a design equation
illustrating a sequence of implementation of software com-
ponents according to one embodiment of the invention;

[0042] FIG. 14B is block diagram of a sequence of
implementation associated with the design equation of FIG.
14A,;

[0043] FIG. 15 is a diagram illustrating an example design
decision process according to one embodiment of the inven-
tion;
[0044]
equation;

[0045] FIG. 16B is an example of a decoupled design
equation;

FIG. 11 shows an example of a design equation;

FIG. 16A is an example of a coupled design
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[0046] FIG. 17A is an example of a high level design
equation illustrating a sequence of implementation and
testing of elements according to one embodiment of the
invention; and

[0047] FIG. 17B is an example of the design equation of
FIG. 17A in expanded form.

DETAILED DESCRIPTION

[0048] A method is provided for determining a sequence
of implementation of elements of a software design. The
sequence of implementation may be determined by exam-
ining coupling between the elements. Further, a method for
determining a sequence of testing of elements of the soft-
ware design is provided which may also be determined by
examining coupling between the elements.

[0049] Further, a method is provided for reverse engineer-
ing a design of previously-implemented software, and to
identify coupling in the software. Because a developer can
determine the degree of coupling of the software, the soft-
ware may be more easily modified, maintained, evaluated,
and combined into larger software systems.

[0050] Also, because coupling may be identified, elements
of the design may be more easily grouped into object-
oriented classes based on the identified coupling. Further,
existing object-oriented designs may be evaluated based on
the degree of coupling.

[0051] New Design Methodology

[0052] A new software design methodology is provided
for use in designing software that overcomes the shortcom-
ings of various software design strategies, such as high
degree of coupling, extended development time, and high
cost. There is a need to overcome many of the shortcomings
of current software design techniques including high main-
tenance costs, limited reusability, the need for extensive
debugging and testing, poor documentation, and limited
extensibility of the software, all of which result in high
development cost of software. A design framework that
identifies coupling in software allows a programmer to
reduce the overall cost of programming.

[0053] For example, axiomatic design principles have
been used conventionally to design mechanical systems, and
these principles may be adapted to identify coupling in
software-based systems. Axiomatic design principles are
described in detail in “The Principle of Design,” by Nam P.
Suh, Oxford University Press, 1990, which is hereby incor-
porated by reference in its entirety. Although axiomatic
design principles may be used to identify coupling, it should
be appreciated that other software design methods may be
used to identify coupling, and the invention is not limited to
any particular implementation.

[0054] Applying axiomatic design principles to software
design, a software designer or developer describes their
software based on features which depend on the program-
ming language or software design methodology. Axiomatic
design principles as related to software design is described
generally in the book entitled “ Axiomatic Design Advances
and Applications” by Nam Pyo Suh, Oxford University
Press, New York (2001), and U.S. application Ser. No.
09/731,678 filed Dec. 6, 2000 entitled “METHOD AND
APPARATUS FOR PRODUCING SOFTWARE” of which
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the present application is a continuation. Both references are
hereby incorporated by reference in their entirety.

[0055] Axiomatic design methodology combines the con-
cept of “what we want to achieve” and “how we want to
achieve it” and is represented as a single concept in terms of
axiomatic design. In particular, axiomatic design defines a
concept of domains which isolates representation of the
software system. A domain termed the functional domain
captures the concept for “what we want to achieve” and
indicates as elements of the domain a set of functional
requirements (FRs). The physical domain represents “how
we want to achieve it” and indicates as elements of the
domain a set of design parameters (DRs). Two other
domains exist. One is the customer domain which captures
customer needs (CNs) defining customer requirements of the
software system. The other is a domain termed the process
domain that represents process variables (PVs) defining the
existing environment in which the software system operates.
These domains are illustrated in FIG. 1A. By using FRs and
DPs to describe software, a software designer can create a
clear description for their software.

[0056] The specific nature of CNs, FRs, DPs and PVs of
a software design depends upon the specific nature or goals
of the software:

[0057] CNs: Users’ needs or customer attributes
which the software program must satisfy.

[0058] FRs: Outputs or the specifications or the
requirements of a program code or software compo-
nent or a system.

[0059] DPs:

[0060] (1) Inputs or components in case of pure
algorithms or

[0061] (2) Hardware such as sensors, ASICs
(application specific integrated circuits), or other
hardware that interface with software systems.

[0062] PVs: Program code (source code including
subroutines, components, or the like, or machine
code) or compilers.

[0063] A design equation may be used to describe a
relation between FRs and DPs. A design equation includes
a set of FRs, a set of DPs, and a design matrix which shows
the relationship between FRs and DPs. The design equation
can be represented as Equation (1) in mathematical manner,
and may also be expressed as a function of attributes,
methods and classes. If the design matrix is diagonal, each
of the FRs can be satisfied independently by means of one
DP. That is, there is a one-to-one correspondence between
FRs and DPs. Such a design is called an uncoupled design.
Otherwise, the design is a coupled design. However, if the
design matrix of a coupled design shows a correspondence
between FRs and DPs only on or below the diagonal of the
matrix or if the design matrix shows a correspondence
between FRs and DPs only on or above the diagonal of the
matrix, the design is a special case of a coupled design,
called a decoupled design. In the case where the correspon-
dence between FRs and DPs are only on or below the
diagonal of the matrix, the matrix is termed a lower trian-
gular matrix. In the case where the correspondence between
FRs and DPs are only on or above the diagonal of the matrix,
the matrix is termed an upper triangular matrix. FIG. 1B
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shows these different types of designs. If the design matrix
for the software is uncoupled or decoupled, it guarantees a
non-iterative implementation path or testing path. These
paths facilitate the development of software, even when
programmers of lesser experience are implementing the
design.

[0064] FIG. 1C shows several different junction types
through which components may be connected, these junc-
tions representing relationships between components. Dif-
ferent junctions are used to relate components depending on
how they are related through the design matrix. Using such
a flow chart, it is much easier to follow changes during the
development and maintenance processes. Because the devel-
oper or manager knows how the software components
interact and which component should be checked if a change
is made, maintenance cost is reduced. FIG. 1D shows an
example system architecture utilizing different junction
types illustrated in FIG. 1C.

{FRS} = [A{DPs} (L
={class x}

= [methods|{attributes}

All AI2 Al3
A2l A22 A23
A3l A32 A33
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[0065] General Purpose Computer System

[0066] Various embodiments according to the invention
may be implemented on one or more computer systems.
These computer systems, may be, for example, general-
purpose computers such as those based on Intel PENTIUM-
type processor, Motorola PowerPC, Sun UltraSPARC,
Hewlett-Packard PA-RISC processors, or any other type of
processor. It should be appreciated that one or more of any
type computer system may be used to design software.
Further, the software design system may be located on a
single computer or may be distributed among a plurality of
computers attached by a communications network.

[0067] A software design system according to one
embodiment of the invention is configured to perform soft-
ware design of object-oriented software systems. It should
be appreciated that other types of software design may be
performed, including a real-time software design and design
of non-object-oriented code.

[0068] For example, the software design system may be
implemented as specialized software executing in a general-
purpose computer system 101 such as that shown in FIG.
1E. The computer system 101 may include a processor 102
connected to one or more memory devices 103, such as a
disk drive, memory, or other device for storing data.
Memory 103 is typically used for storing programs and data
during operation of the computer system 101. Devices in
computer system 101 may be coupled by a communication
device such as network 105. Computer system 101 also
includes one or more input/output devices 107, such as
keyboard, mouse, or printing device. In addition, computer
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system 101 may contain one or more communication
devices 104 that connect computer system 101 to a com-
munication network 108.

[0069] Computer system 101 may be a general-purpose
computer system that is programmable using a high-level
computer programming language. Computer system 101
may be also implemented using specially programmed,
special purpose hardware. In computer system 101, proces-
sor 102 is typically a commercially available processor such
as the well-known Pentium class processor available from
the Intel Corporation. Many other processors are available.
Such a processor usually executes an operating system
which may be, for example, the Windows 95, Windows 98,
Windows NT, Windows 2000 (Windows ME) or Windows
XP operating systems available from the Microsoft Corpo-
ration, MAC OS System X available from Apple Computer,
the Solaris Operating System available from Sun Microsys-
tems, or UNIX available from various sources. Many other
operating systems may be used.

[0070] Various embodiments of the present invention may
be programmed using an object-oriented programming lan-
guage, such as SmallTalk, JAVA, C++, Ada, or C#
(C-Sharp). Other programming languages may also be used.
Alternatively, functional, logical, or imperative program-
ming languages may be used. It should also be appreciated
that one or more portions of the software design system may
be distributed to one or more computers (not shown)
coupled to communications network 108. These computer
systems may also be general-purpose computer systems.

[0071] Tt should be understood that the invention is not
limited to a particular computer system platform, processor,
operating system, or network. Also, it should be apparent to
those skilled in the art that the present invention is not
limited to a specific programming language or computer
system and that other appropriate programming languages
and other appropriate computer systems could also be used.

[0072] Reverse Engineering of Previously-Developed
Software

[0073] Often it is desirable to reuse components of previ-
ously-developed software or to modify previously-devel-
oped software to include new features. As discussed, con-
ventional software systems are generally coupled systems
that have feedback between components. Thus, it is typically
difficult to extend the previously-developed software
because, in a system having feedback, a change in one
component may have an adverse affect on the operation of
another component or system. In some cases, new software
must be developed to incorporate new features as previ-
ously-developed software cannot be extended easily. To
resolve coupling in systems, the relationship between each
individual feature should be checked and this checking
requires detailed information regarding the system. Conven-
tionally, system analysis and design is performed by a
designer or programmer. Designers or programmers use
their experience and intuition in programming in an ad-hoc
manner.

[0074] Axiomatic design provides design tools which
allow a user to populate an axiomatic design equation to
determine coupling between elements of a previously-de-
veloped software system. By using these axiomatic design
tools, creating or extending a software system is straight-
forward.
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[0075] FIG. 2 shows a reverse engineering system 201
which may, for example, be part of a software design system
residing on a general-purpose computer system as discussed
above with reference to FIG. 1E. System 201 may receive
a source of code 207, the source of code being compiled
code, source code, descriptions of code or the like. For
example, a source of code may be software programmed in
one or more objected-oriented program languages such as
C++ and Java, for example. Also, a source of code 207 may
include documentation which describes a structure of
objects and their relationships. For example, documentation
may be in the form of markup language documents such as
HTML, XML, XMI, Java bytecode, or any other format.
System 201 may include one or more parsers 202A-202B
which parse the sources of code 207 and analyze structures
located within these sources. Parsers 202A-202B provide
information to a process handler 203 which intermediates
between components of system 201. Process handler 203
may be, for example, a software program executed in
memory of a general-purpose computer system as described
above with respect to FIG. 1E. Process handler 203 iden-
tifies structure of code 207 and relationships between ele-
ments of the code and information that can be used to
generate a system design model 206. The model could be,
for example, a design equation or design matrix which
relates functional requirements of the source of code to
design parameters.

[0076] According to one aspect of the invention, process
handler 203 creates, in the design matrix, a hierarchy of
elements which relates to the objects discovered by parser
202. In particular, a parser may perform one or more passes
on source of code 207, and identifies object-oriented object
structures, relationships between the objects, and other
related information with respect to the source of code. These
objects and their relationships are illustrated in the design
matrix 205 as discussed further below with reference to
FIG. 2. Process handler 203 may also produce, from code
207, an intermediate representation 204 of the code 207.
Intermediate representation 204 may be stored, for example,
in a memory associated with system 201 such as a disk,
memory device, network storage, or in any other storage
location accessible by system 201. For example, various
examples of the embodiment are discussed in more detail
below with reference to FIG. 7A and FIG. 7B. This inter-
mediate representation may be a data structure stored in
memory of the general purpose computer system or may be
stored in a database associated with system 201. According
to one embodiment of the invention, the intermediate rep-
resentation is an object-oriented structure that stores object
class and relationship information. This information may be
obtained by analyzing source of code 207.

[0077] System 201 may also include a formatter 206
which produces an output code having a variety of formats.
Output code formats 208 may include code skeletons, code
descriptions, or any other format used to define or describe
code.

[0078] FIG. 3 shows a design hierarchy 301 in an axiom-
atic design. Axiomatic design principles are more thor-
oughly discussed in the patent application entitled “Method
and Apparatus for Producing Software™ filed Dec. 6, 2000
under Ser. No. 09/731,678 by Sung-Hee Do et al., the
contents of which are incorporated by reference in their
entirety. Design hierarchy 301 includes a top level hierarchy
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referred to in the programming art as a package 302.
Packages 302 include one or more objects classes 303A,
303B. At the bottom of the hierarchy 301, there are what are
referred to in axiomatic design as leafs 305A-305E which
correspond to elements within a design equation that are not
further decomposed into smaller objects. According to one
aspect of the invention, leafs are determined when a design
parameter that meets a functional requirement defines data,
a variable, or a method, such as in the axiomatic design
context.

[0079] Process handler 203 recognizes hierarchical rela-
tions within source of code 207 and produces a design
hierarchy 301 that reflects the object structure. The object
and leaf information is represented in a design equation
according to the hierarchy 301. The representation of object
and leaf information will be discussed below in detail. In
general, each element in the design matrix can be a method
in terms of an object-oriented method, or a relationship
between attribute and method, method and method, or class
and class. Once objects are recognized in the source of code
and are defined in the design equation, attributes (or data)
and operations (or methods) are defined to determine the
object hierarchy within the design equation.

[0080] FIG. 5 shows a process for reverse engineering
code according to one embodiment of the invention. More
particularly, process 500 may be performed, for example, by
system 201, which may be associated with the software
design system executing on one or more general-purpose
computer systems. At block 501, a source of code is input to
the reverse engineering system. System 201 parses the code
and determines the object structure at block 502. More
particularly, system 201 may identify attributes, methods,
and class names associated with one or more objects within
the input source of code at block 503. At block 504, system
201 may determine the relations between attributes and
methods of particular objects and also relationships between
methods, these methods existing within the same object or
within different objects. These relations include method calls
between methods and how methods relate to attributes (or
data). At block 505, system 201 identifies relationships
between objects, these relationships including inheritance,
aggregation, and the like. Blocks 503-505 may be executed,
according to one embodiment of the invention, as part of a
three-pass parsing procedure wherein the processes per-
formed in blocks 503, 504 and 505 are performed in series.

[0081] Once the object structure and the relationship
between objects have been identified, this information may
be used to create an internal or intermediate representation
of the code or may be stored directly in the design matrix.
At block 506, system 201 may create an intermediate
hierarchy which may be, for example, an object-oriented
data structure stored in memory which contains object
structure and relations between objects. Information with
respect to objects gained through parsing the input source of
code is mapped into the immediate hierarchy, and from this
intermediate hierarchy, class information can be output to a
storage medium, transferred to another computer process or
system, or saved at the software design system at block 511.
A format of the intermediate hierarchy may itself serve as a
common format that can be used to exchange object infor-
mation between systems.

[0082] As discussed above, object structure and relation-
ship data may be represented within a design equation. As
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shown in FIG. 5, system 201 may determine a design matrix
at block 507. According to one embodiment of the invention,
system 201 performs a series of steps to create the design
hierarchy. More particularly, at block 508, system 201
creates a leaf hierarchy in the design matrix. Leafs are
created according to the class structures identified in the
input source of code. According to one embodiment of the
invention, functional requirements associated with elements
that are placed in the design matrix are arbitrarily assigned.
Because functional requirements are usually provided by an
analyst to describe real-world requirements of the functions
that a particular software element needs, these descriptions
may be arbitrarily designed in design matrix when the first
source of code is analyzed, and these descriptions may be
filled in later, for example by a programmer or software
architect. In a sense, a user can work backwards from an
existing source of code and determine one or more func-
tional requirements based on the functionality that the
software element actually meets.

[0083] At block 509, system 201 may fill in elements
which are located on a diagonal of the design matrix. These
on-diagonal elements are defined by class structures recog-
nized from the input source of code. At block 510, off-
diagonal elements of the design matrix are filled in, these
off-diagonal elements being determined by the identified
relationships between objects. That is, off-diagonal elements
define interactions between on-diagonal elements. Once the
on-diagonal and off-diagonal elements are determined for
the design matrix, this representation of on-diagonal and
off-diagonal elements may be manipulated within the design
system. More particularly, the design may be improved,
additional functional requirements and design parameters
may be added, additional sources of code may be imported
into the same design matrix to extend and build upon the
representation of the first source of code.

[0084] FIGS. 6A-C show steps involved in processing a
source of code in accordance with various embodiments of
the invention. In particular, FIG. 6A shows a first step
wherein a source of code is scanned (parsed) to determine
attribute and method information. As shown in FIG. 6A, a
source of code called “Code.Java” is a Java source code
document that defines a package referred to as ADS-
FR5_AD_modeler.FR53_reverse engineering. During a first
pass, the parser determines elements of the code such as the
package, the package name, the classes, attributes, and
methods. This discovered information may be stored in the
intermediate hierarchy, the design equation, or any other
storage structure. As shown in FIG. 6A, the reverse engi-
neering system 201 determines that there is a public class
Code, having an attribute status_, a creator method Code,
and a method setType. This information may be stored in a
data structure as shown in FIG. 6A which describes the
recognized classes, attributes, and methods.

[0085] During a second pass, as shown in FIG. 6B, the
input file is scanned to capture relationship information
between attributes and methods and between methods within
the class. For example, as shown in FIG. 6B, the source of
code file called Code.Java is processed to determine rela-
tionships between the recognized attributes and the recog-
nized methods and relationships between the recognized
methods. For example, for a creator method Code, attributes
status_, type, name_, conment_, are each associated with the
creator method Code. Similarly, if a method refers to another
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method, this information is also stored. For example, the
method Sibling FR4_ 1 refers to another method clean
Data, and this information is stored, for example in the
intermediate representation as dependency information.

[0086] In a third pass as shown in FIG. 6C, system 201
scans the input source of code to determine dependencies
between classes. A dependency is defined generally as a
semantic relationship between two entities, in which a
change in one entity (an independent entity) may affect the
semantics of the other entity (the dependent entity). As is
shown in FIG. 6C, input source of code Code.Java is
analyzed to determine relationships such as extended
classes, inheritance, aggregation, superclasses, subclasses,
function calls, and other object relationships. This informa-
tion may be stored, for example, in the intermediate repre-
sentation as dependency information. Thus, any dependency
relationship information may be stored in the intermediate
representation 204.

[0087] As discussed above with reference to FIG. 2,
intermediate representation 204 may be, for example, an
object-oriented structure maintained in a memory associated
with design system 201. More particularly, the intermediate
representation 204 may have a class structure such as that
shown in FIG. 7A. Objects recognized within the code may
be stored in a data structure such as a linked list which
contains, for example, all of the objects associated with a
particular package. More particularly, an object sib-
ling_ FR4_ 1 may be used to represent the package and to
reference and store objects recognized in the source of code.
The class structure also includes a ClassInfo class which
stores attributes and methods of the code. The class structure
also includes code object which stores information described
in the code, a dependency object which indicates dependen-
cies between classes and a MethodInfo object 705 which
stores relations between attributes and methods and relations
between methods.

[0088] FIG. 7B shows an example object diagram based
on the class structure shown in FIG. 7A. More particularly,
each instance of the ClassInfo class 1900 stores information
about a particular class in the source code. Information about
the attributes or data members of a class are stored in a Code
object 703, shown in FIG. 7A. Attributes of a class may be
represented as design parameters in a design equation.
Information about methods of a class represented by Class-
Info 1900 are stored in a MethodInfo object 1904. Each
MethodInfo object 1904 has a reference to a dependency
object 1912 and dependency object 1906. Dependency
object 1906 includes class relationship information and
dependency object 1912 includes a method or attribute call
chain, which defines the chain of methods that are called
when a particular method is invoked. There may be one
dependency object referenced for each dependency relation-
ship of the method or there may be one dependency object
referenced which contains information about all the depen-
dencies of a method. The information stored in these depen-
dency objects may represent elements in a design matrix that
are on a different level than the method which depends on
them. Dependencies of the method at the same level may be
stored, for example, in the Input Arguments field of the
Relations field of the MethodInfo class.

[0089] Thus, according to one embodiment of the inven-
tion, when an input source of code is analyzed and placed in
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an object-oriented structure of an intermediate representa-
tion describing the code, the intermediate representation
may include linked list of objects, the objects describing
objects recognized within the source of code and indicating
attributes, methods and their relations and dependencies
between classes. It should be appreciated that other data
structures may be used to store objects, and the invention is
not limited to any particular implementation.

[0090] Using this intermediate representation that
describes the code, software design system 201 may gener-
ate any one of a number of output code formats 801-805
from the intermediate representation 506 as shown in FIG.
8. For example, using the structure stored in the intermediate
representation, a C++ code file 802 may be generated which
reflects the object structure. Similarly, code written in a
number of any other languages such as the JAVA program-
ming language or any other language may be generated.
Further, documentation describing the code may also be
generated in any number of formats. For example, an HTML
description 803 may be generated which is a file in HTML
format that describes the structure of the code. Further, the
intermediate representation may be output to common soft-
ware design formats such as XMI used by various systems,
and this intermediate representation may be used to
exchange information between software design systems. It
should be appreciated that other formats may be used to
describe code.

[0091]

[0092] As mentioned previously, a design equation may be
used to aid the programmer in identifying object-oriented
classes to include in a software design. FIG. 4 shows a
method for identifying object-oriented classes from a soft-
ware design matrix according to one embodiment of the
invention. In this example, a top-level functional require-
ment 1 (FRI) is decomposed into three lower-level func-
tional requirements, labeled 1.1, 1.2, and 1.3. Functional
requirement 1.3 is further decomposed into four lower-level
functional requirements, labeled 1.3.1, 1.3.2, 1.3.3., and
1.3.4. Functional requirement 1.3.4 is further decomposed
into four lower-level functional requirements, labeled
1.3.4.1 through 1.3.4.4. Lower-level functional requirements
are more specific than their parents.

Identification of Object Structure

[0093] For example, if the software design equation
shown is a design equation for accounting software, one top
level functional requirement might include the requirement
of keeping track of employees on the payroll. This func-
tional requirement may be decomposed into several more
specific functional requirements such as, for example, keep-
ing track of each employees salary, keeping track of tax-
exempt status of each employee, keeping track of miscella-
neous personal information of each employee, etc. Similarly,
these lower-level functional requirements may be decom-
posed into even more specific functional requirements. At
each level of decomposition, design parameters are chosen
for each of the functional requirements. For example, a
design parameter for the high level functional requirement
of keeping track of employees on the payroll might be a
database with a record for each employee.

[0094] According to one embodiment of the invention, a
method for stopping a decomposition process is provided.
More particularly, when a design parameter can be directly
mapped to either a data member of an object-oriented class
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or the output of a method in an object-oriented class, then the
designer knows that he has reached a terminal level or “leaf”
level functional requirements and design parameters, and the
designer can then stop the decomposition process. For
example, if the designer decides that one design parameter
will be a variable to store an employee’s birthday in an
employee record, then the birthday could be represented as
an integer or a string as a data member inside an object-
oriented class. At this point, the designer can stop the
decomposition process for the functional requirement to
which that design parameter corresponds. Using FIG. 4 as
an example, when functional requirement 1.1 is fully
decomposed, design parameter 1.1 can be directly mapped
to either a data member in an object-oriented class or the
output of a method in an object oriented class. If design
parameter 1.1 does not meet this requirement, then func-
tional requirement 1.1 must be further decomposed in a
manner similar to functional requirement 1.3.

[0095] Using terminal level functional requirements and
design parameters, object-oriented classes may be identified.
In one example, shown in FIG. 4, classes may be deter-
mined based on mappings between certain functional
requirements and design parameters at least one level above
the terminal level. These mappings can then be grouped into
a sub-matrix of the design matrix and grouped into object-
oriented classes. For example, Class A includes mappings
between functional requirements 1.1 and 1.2 and design
parameters 1.1 and 1.2. Class A thus maps design parameters
and functional requirements one level above the terminal
level. However, the sub-matrix mapping only functional
requirement 1.1 and design parameter 1.1 is not a candidate
for an object-oriented class because the sub-matrix exists
only at the terminal level. Accordingly, Class A includes
design parameters 1.1 and 1.2, the mapping between func-
tional requirement 1.1. and design parameter 1. 1, and the
mapping between functional requirement 1.2 and design
parameter 1.2.

[0096] According to one embodiment of the invention,
any sub-matrix mapping functional requirements and design
parameters from the same level and one level above the
terminal level is a candidate for an object-oriented class. For
example, Class B is a candidate for an object-oriented class
because it is derived from the sub-matrix containing func-
tional requirement 1.3 and all of its lower-level functional
requirements, and design parameter 1.3 and all of its lower-
level design parameters.

[0097] Another candidate for an object-oriented class is
the combination of Class A and Class B, shown in FIG. 4 as
Class A,. A sub-matrix of Class A, maps functional require-
ment 1 and all of its lower-level functional requirements to
design parameter 1 and all of its lower-level design param-
eters. Thus, Class A, includes all of these mappings as well
as the lower-level design parameters of design parameter 1.
A sub-matrix mapping non-contiguous functional require-
ments is not a candidate for an object-oriented class. For
example, the sub-matrix mapping functional requirements
1.1, 1.2, and 1.3.4 to corresponding design parameters is not
a candidate for an object oriented class because it maps two
functional requirements from the second level of decompo-
sition and one functional requirement from the third level of
decomposition. Thus, this sub-matrix should map functional
requirement 1.3 and all of its lower-level functional require-
ments to be a candidate for an object-oriented class.
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[0098] In one embodiment of the invention, the design
matrix comprises on-diagonal classes and off-diagonal ele-
ments. A class is said to be on-diagonal if its sub-matrix
maps all the design parameters to their numerically corre-
sponding functional requirements. For example, because
on-diagonal Class C includes functional requirements 2.1,
2.2, and 2.3 in its mapping, it should also include design
parameters 2.1, 2.2, and 2.3. Thus, the diagonal of the
sub-matrices of the on-diagonal classes is a segment of the
diagonal of the design matrix. Another method for deter-
mining if a class is on-diagonal includes determining
whether the diagonal of the sub-matrix is a segment of the
diagonal of the entire matrix. Choosing certain on-diagonal
classes from the candidate classes defines the boundaries for
off-diagonal elements. For example if a designer chose to
incorporate on-diagonal classes Class A and Class B into his
design, then another off-diagonal sub-matrix F* is defined
by the boundaries of Class A and Class B. Because F* maps
design parameters that influence the functional requirements
of both Class A and Class B, sub-matrix F* illustrates a
relationship between Class A and Class B. Thus, element F*
is known as an object of Class A. However, if the designer
chose to use one class, Class A, instead of Class A and Class
B, then sub-matrix F* would not exist. Sub-matrices G* and
H* shown in FIG. 4 are defined as a result of the choice to
use Class C and Class D as two separate classes. Thus,
sub-matrix G* shows the relationship between Class C and
Class B. and is thus an object of Class B, and sub-matrix K*
shows the relationship between Class C and Class A, and is
thus an object of Class A.

[0099] As mentioned previously, off-diagonal elements
show relationships between on-diagonal classes. One par-
ticular relationship that can be illustrated by off-diagonal
sub-matices is a parent-child relationship. This relationship
is commonly known as inheritance relationship in object-
oriented programming. If, for example, the sub-matrix F*
maps many of the design parameters that are mapped in the
sub-matrix of Class A, as indicated by the number of
markers, shown as X’s in FIG. 4, in the class, then a
designer might decide to make Class B a child class, or
sub-class, that inherits from Class A. The design matrix
illustrates that Class B accesses design parameters of Class
A in order to satisfy certain functional requirements. By
establishing a super-child relationship between Class A and
Class B, Class B is provided with access to design param-
eters of Class A. If a designer chooses to use this relation-
ship, he could, for example, define public and private data
members and methods in Class A and then provide access to
these data members and methods by using, for example, the
Java keyword extends or the C++ notation for indicating
inheritance. Any object-oriented language which provides
support for inheritance may be used. Markers in the off-
diagonal sub-matices that indicate this relationship may be
colored differently than the other markers to make it clear to
the designer that such a relationship could exist. Alterna-
tively, the designer could select certain colors for class
borders or markers that indicate he has chosen to implement
F* as a parent-child relationship.

[0100] Another relationship that can be indicated by the
off-diagonal sub-matices is an aggregation relationship.
Using the design matrix, a designer can determine if one
class requires use of data or methods from another class. For
example, sub-matrix H* includes markers indicating that
some of the design parameters of Class C affect the func-
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tional requirements of Class D. Instead of using an inherit-
ance relationship, the designer might choose to aggregate
Class C with Class D. That is, Class D would include a
reference to Class C so that Class D can access the data
contained in Class C. Similar to the inheritance relationship,
this “has a”, or aggregation, relationship may be indicated
visually to a designed by displaying horizontal colored
bands or colored markers to indicate where one class relies
on data from another class.

[0101] A third type of relationship that may be indicated is
an association relationship. The association relationship may
be defined as a “uses a” relationship. That is, the dependent
class uses another class in order to satisfy functional require-
ment. For example, sub-matrix I* indicates that Class D has
a dependency on Class B. This dependency can be imple-
mented using an association relationship. An association
relationship could be implemented by a method in a depen-
dent class receiving information, such as data parameters,
from another class as an input. The relationship may also be
indicated by the dependent class using a static method or
static data of another class or by creating local class vari-
ables.

[0102] Tt should be appreciated that other relationship
information may be contained and displayed in the design
matrix in different manners, and the invention is not limited
to the relationships and methods of indications disclosed
herein.

[0103] Determining a Non-Iterative Implementation and
Testing Sequence

[0104] In general, software development is a labor-inten-
sive business. There are high labor costs associated with
developing, debugging and maintaining software. Because
every step in the software development life cycle is con-
ducted sequentially, delays in one or more steps may dras-
tically affect the overall development cycle. Conventional
methods for developing software do not allow the developer
to determine an efficient sequence of implementation. As
previously discussed, these conventional methods are ad hoc
methods that require the developer to modify previously
written code based on changes or errors in subsequent code.

[0105] Such an ad hoc method is illustrated by the fol-
lowing example. For instance, a developer is coding
accounting software that calculates weekly paychecks and
tax withholdings of employees of companies. The software
may include a back-end calculator component for calculat-
ing and outputting the desired values based upon salary and
tax data stored in a database and a front-end graphical user
interface (GUI) component for displaying the information to
a user. Without first understanding the functional require-
ments of the software, i.e. calculating the amount of an
employee’s paycheck and tax withholdings and displaying
that data in a graphical user interface, a developer may first
implement a graphical user interface that displays an
employee’s name, social security number, and date of birth.
The developer may then implement the calculator which
calculates the desired paycheck and tax withholding data. At
this point in the development, the developer may realize that
he has programmed the GUI to display the wrong data and
must modify the GUI component to display the correct data
received from the calculator component. After modifying
the GUI component, the developer may realize that he has
altered the GUI component’s interface to the calculator
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component and must go back and modify the calculator
component to conform to the new interface. The new change
in the calculator component may require another modifica-
tion in the GUI component. Thus, the developer has entered
into a iterative programming cycle, in which he must modify
previously coded elements in response to changes made in
other related elements. This iterative process produces soft-
ware at a higher cost due to repeated modifications and
testing of components.

[0106] One known method for developing software is the
above-mentioned Unified Software Development Process
(or Unified Process), which implements use cases in an
iterative and incremental manner to develop software. In
particular, there are a series of development iterations that
lead to periodic builds, wherein different components are
programmed and tested. Generally, to test the components at
each iteration, supporting software or workaround must be
provided to compensate for components that have not yet
been programmed. The software is built up gradually and
tested at each increment. This method of development often
involves reworking and retesting developed components.

[0107] According to one aspect of the invention, iterative
development may be avoided by identifying coupling
between elements of the software application and imple-
menting them based on the coupling. Two elements are said
to be coupled if at least one dependency exists between
them. A dependency may be, for example, one element
requiring use of data or methods of another element or one
element being dependent on the output of another element.
In the accounting software example given above, the GUI
component is coupled to the calculator component. That is,
the GUI component has a dependency on the calculator
component because in order to display the proper data, it
must receive the data output by the calculator component.

[0108] Thus, as a result of this dependency, implementing
the calculator component first will allow the developer to
determine exactly what information the GUI component will
need to display the proper data, including, for example, the
type of data, the names of variables and the names of
methods needed to access the data. The above example uses
only two components, however in other more complicated
examples there may be many more software elements. These
elements may be high-level elements in the design such as,
for example, object-oriented classes, software components,
or software packages, or they may be lower-level elements,
such as methods and data variables. By examining the
coupling between each of these elements, a developer may
determine a sequence for implementing these elements that
reduces the time needed to go back and modify previously-
implemented elements. Further, it can be appreciated that if
previously-implemented elements are not modified, they do
not have to be retested. Thus, the overall cost of develop-
ment is reduced, as well as the amount of testing.

[0109] Tracking the dependencies between elements when
a design consists of a small number of elements may be
fairly simple, however, as mentioned above, a complex
software design may include a very large number of ele-
ments and tracking them soon becomes difficult and
unwieldy. Thus, another aspect of the invention provides a
systematic method for tracking coupling between software
elements.

[0110] One way to keep track of the coupling is by using
a design equation which maps, in a design matrix, functional
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requirements of the design to the design parameters selected
to meet those functional requirements. A design equation
allows the developer to readily identify a non-iterative
implementation path, that is, a sequence of implementation
in which an element is only implemented after all the
elements on which it depends, thus reducing the number
times a developer must modify previously implemented
code.

[0111] Also, by applying an axiomatic design equation, a
programmer does not directly code first. Thus, debugging
and testing can be minimized. In particular, the axiomatic
design method permits a programmer to develop a logical
design prior to coding the design. Detailed information for
the design is defined during the design process. Therefore,
the subsequent software coding is straightforward. If there is
something wrong with the software design logic, a designer
or programmer analyzes and revises the requirements which
represents and determines the specific code. Also, the devel-
oped software can be tested with the FR’s information step
by step, because each of the FRs represent specific software
requirements.

[0112] FIGS. 16A and 16B show an example of a design
equation for the accounting software application example
described above. FIG. 16A shows a design equation 1700
that indicates a dependency between the two functional
requirements labeled FR1 and FR2. That is, FR1 and FR2
are coupled. A developer may readily identify coupling by
determining if any off-diagonal elements exist in the design
matrix, such as off-diagonal element 1703. Off-diagonal
element 1703 is located above the diagonal in the design
matrix, indicating that a circular dependency exists, since
FR1 depends on a design parameter (DP2) of FR2. This is
type of design is called a coupled design since some ele-
ments are implemented before elements on which they have
a dependency. This is illustrated by design equation 1700 in
which the design matrix is neither a diagonal matrix, an
upper triangular matrix, or a lower triangular matrix.

[0113] However, in many cases, a design equation may be
modified to reduce the number of off-diagonal elements of
a design matrix, particularly when the design is a coupled
design. Switching the order of implementation of the func-
tional requirements is one way to reduce the off-diagonal
coupling which causes the design to be coupled. Another
way of reducing this type of off-diagonal coupling, as shown
in FIG. 16B, is choosing new design parameters to satisty
the functional requirements. The design matrix in FIG. 16B
shows that off-diagonal element 1753 is located below the
diagonal. Although FR2 depends on a design parameter of
FR1, the design parameter, labeled DP1, is implemented
before implementation FR2 begins. This is type of design is
called a decoupled design because each element is imple-
mented after all of the elements on which it has a depen-
dency. This type of design is indicated in a design equation
in which the design matrix is either an upper-triangular or
lower-triangular matrix.

[0114] According to one aspect of the invention, a method
is provided that allows a developer to determine, using a
decoupled design, a non-iterative implementation sequence
of elements of the software design. That is, each element is
implemented after all of the elements on which the element
depends are implemented. If the decoupled design is repre-
sented in, for example, a design matrix, the sequence of
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implementation is visible and can be easily extracted from
the design matrix. FIG. 17A shows an example of high level
design equation of a decoupled object-oriented software
design. The design includes three on-diagonal classes, Class
A, Class B, and Class C. The design also includes three
off-diagonal sub-matrices D*, E* and F*. Sub-matrix D*
indicates that there is a dependency of Class B on Class A.
Sub-matrix E* indicates that there is a dependency of Class
C on Class B, and sub-matrix F* indicates that there is a
dependency of Class C on Class A.

[0115] A developer can determine a non-iterative
sequence of implementation based on this dependency infor-
mation. In one embodiment, in order to determine the
sequence of implementation, given a decoupled design with
a lower triangular design matrix, the first element to be
implemented is the top left on-diagonal element. The top left
on-diagonal element is Class A. The next element in the
sequence of implementation is an on-diagonal element of the
next level. FIG. 17B shows the design equation of FIG. 17A
in expanded form, that is, the lower levels of decomposition
are shown. In the example shown in FIG. 17B, the on-
diagonal element of the next level is Class B. Following this
element in the implementation sequence are the off-diagonal
elements of that level, proceeding from the right most
off-diagonal element to the left most. This process is
repeated for all subsequent levels of the design matrix. For
the example shown in FIG. 17B, Sub-matrix D* follows
Class B in the sequence. Then, proceeding to the third level,
the on-diagonal element, Class C, is next in the sequence,
followed by the two off-diagonal sub-matrices E* and F*.
This same methodology may be used to determine a
sequence of implementation within each class. For example,
within Class A of FIG. 17B, the sequence of implementation
would begin with element a, followed by element b, element
¢, element d, element e, element f, element g, and element
h, in that order. If the design matrix is an upper-triangular
matrix, the elements of the design are implemented in the
opposite order. That is, the first element implemented is the
bottom right on-diagonal element. Implementation proceeds
up the design matrix by implementing the on-diagonal
element on the preceding link followed by the off-diagonal
elements of the preceding line. This process is performed
until the sequence of implementation is identified. It should
be understood that a sequence of implementation does not
have to be determined at the class level. A sequence of
implementation may be determined at any level of the
design. For example, a sequence of implementation may be
determined at a lower level, for the data members or
methods of a class, or, in the case of non object-oriented
software, for the data members and methods of the design.
A sequence of implementation may also be determined at a
higher level. For example, a sequence of implementation
may be determined for a software component or software
package. Thus, the invention is not limited to determining a
sequence of implementation at the class level. A sequence of
implementation may be determined at any level of the
design at which coupling between elements can be analyzed.

[0116] In many cases, however, it may not be possible to
achieve a completely decoupled design without significant
changes in the design. Such changes may require a large
amount of time and money to complete. For example, the
design equation shown in FIG. 14A does not have a
completely lower-triangular matrix, since element 1404 is
above the diagonal. It is still possible to determine a
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sequence of implementation, although the sequence is not
guaranteed to be non-iterative when sequencing the non-
triangular elements. For example, in FIG. 14A, function
requirement 3 has a dependency on function requirement 4,
but function requirement 4 also has a dependency on func-
tion requirement 3. Thus, it is not clear which of these
function requirements should implemented first.

[0117] FIG. 14B shows an example of a sequence of
implementation for the design equation of FIG. 14A. The
sequence of implementation is determined in the same
manner as described above for function requirement 1 and
function requirement 2. However, since a non-iterative
implementation sequence for function requirement 3 and
function requirement 4 cannot be given, these two functional
requirements may be treated in the development sequence as
a black box and thus may be represented in the development
sequence as a single entity. As shown by box 1450, after the
sequence of function requirements 1 and 2 are determined,
function requirements 3 and 4 are sequenced together. Then,
the sequence of the remainder of the function requirements
(not shown) may be determined. Thus, even if a completely
decoupled design cannot be determined, various aspects of
the invention may be used to determine a more efficient
programming sequence.

[0118] 1t should be understood that using a design matrix
is only one way to represent and determine coupling
between elements of a software design. The sequence of
implementation may be determined by using other methods
of identifying coupling and dependencies between software
elements. Any method that provides information regarding
coupling and dependencies between elements of a software
design may be used and is intended to be within the spirit
and scope of the invention.

[0119] In determining the sequence of implementation,
certain components may be indicated as being implemented.
A user may indicate, in a visual representation of the
components, which components have been completed and
which components have not. The visual representation may
be, for example, a design equation, a flow chart, or a Gantt
chart. In this instance, the system can either generate a
sequence of implementation for only the components that
have not yet been implemented or the system may generate
a sequence of implementation for all components, indicating
which ones have already been implemented. The compo-
nents that have already been implemented may be indicated
visually to a user of the system by a change in color or other
markings in a visual representation of the sequence, or by
removing the component from the visual representation of
the sequence. It should be appreciated that other indication
methods may be used.

[0120] Once the sequence of implementation is deter-
mined, a graphical representation sequencing information
can be displayed within the system to a user. The graphical
representation may be in the form of a Gantt chart or a flow
chart, however any type of graphical representation that
displays information related to the development sequence of
elements may be used. Additionally, the information can be
provided to another system or process, or the like. Also,
implementation sequencing information may be exported to
an external file which stores the sequence of implementation
along with the expected time necessary to complete each
step in the sequence. Additional information related to the
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project may also be included. For example, data may be
transferred to UML via XML. Data may also be exported to
a project planning file, such as, for example, the Microsoft
Project exchange format (.MPX) or the Microsoft Project
file format (.MPP). In the same way, projected planning
applications, such as Microsoft Project may be adapted to
import or create the sequencing data from an external file. It
should be appreciated that the invention is not limited to any
particular file format, and any file format which is capable
of storing project planning information can be used. The
developer may import this project planning information into
a project managing application, such as Microsoft Project, in
order to generate a visual representation of the sequence
information, for example a Gantt Chart. Many other types of
visual representations may be displayed, such as flow chart
illustrating dependencies between elements. Various visual
representations of the sequence of implementation will be
discussed below in more detail.

[0121] Implementing the elements of the software design
according to a non-iterative implementation path provides a
developer with one method for reducing the development
time and cost. However, according to another aspect of the
invention, a developer may further reduce time and cost by
reducing time involved in testing. Some prior art methods
for testing a software application involve implementing each
element separately, testing each element separately, then
putting all the elements together and testing the application
as a whole. This method is undesirable because a change to
one element as a result of testing may necessitate changes in
a number of other elements. Because previously tested
elements are changed, they must be retested. Also, support
programming is frequently required to simulate components
that have not yet been programmed. That is, test stubs or
harnesses must be implemented to simulate functions of
components on which the component being tested depends.
The coding of these test stubs and harnesses adds to the
development time of the project and requires additional
testing effort, thus increasing the cost of software.

[0122] Another prior art testing method known as “build
and fix” involves implementing each element, integrating
the elements, and then testing the application as a whole.
This method is also undesirable because errors are intro-
duced as a result of not testing each of the elements
separately. More particularly, there are likely to be many
errors within each element as well as errors caused by the
interaction between elements. The “build and fix” method is
described more completely in Classical and Object-Ori-
ented Software Engineering Fourth Edition, by Stephen R.
Schach, published by WCB/McGraw Hill, Boston, Mass.,
1999, which is hereby incorporated by reference in its
entirety.

[0123] Much like the sequence of implementation, it is
desirable to have a non-iterative sequence of testing soft-
ware elements. According to one aspect of the invention, a
method is provided to identify a sequence of testing in which
each element is tested only after all of the elements on which
it as a dependency are tested. This sequence of testing can
be determined by examining coupling between elements and
determining their dependencies.

[0124] As discussed above, there may be a large number
of elements in a software design that need to be tested.
Because a testing schedule is complex it is desirable to have
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a method to track the sequence of testing elements. Because
the design matrix relates dependency information between
elements and may be used to develop a non-iterative path of
programming, a design matrix may be used to determine the
sequence of testing elements. For example, referring again
to the design matrix shown FIG. 17A, suppose D* is tested
before Class A. After extensive testing, sub-matrix D* is
found to be free of any errors. Next, Class A is tested and the
testing reveals an error DP 1.1.1. Thus, Class A must be
modified to resolve this error. Because sub-matrix D* relies
on DP 1.1.1, the error most likely has propagated into Class
B* and this class will have to be tested again in order to
ensure that the modification to Class A has not caused any
problems in sub-matrix D*.

[0125] However, a sequence of testing software elements
parallel to the sequence of implementation may be defined
based on a decoupled design matrix in order to reduce any
iterative testing. In addition, testing a component upon
completion of implementation ensures that errors will not
propagate down into coupled elements and also allows for a
high overlap of development time and testing time. For
example, referring to FIG. 4, Class A is first implemented
then tested. Next, Class B and sub-matrix D* are imple-
mented and tested. Although sub-matrix D* indicates a
dependency between Class B and Class A, it may be tested
under the assumption that Class A is error free, since Class
A has already been implemented and tested. Finally, when
the last sub-matrix, K*, is implemented, the software prod-
uct may be tested as a whole under the assumption that all
previously implemented elements will require no further
changes. Also, it is not necessary to implement test stubs or
harnesses to simulate elements that have not yet been built
because elements on which the tested element depends are
already implemented. In the case of an upper-triangular
matrix, testing proceeds in the opposite order, starting with
the bottom right on-diagonal element and proceeding up the
design matrix. This method provides a more efficient method
of testing than implementing all of the elements before
testing any of them, since the number of modifications to
previously tested elements will be reduced.

[0126] Similar to the sequence of implementation, in
many cases it may not be possible to achieve a completely
decoupled design without significant changes in the design.
Such changes may require a large amount of time and money
to complete. For example, the design equation shown in
FIG. 14A does not have a completely lower-triangular
matrix, since element 1404 is above the diagonal. It is still
possible to determine a sequence of testing, although the
sequence is not guaranteed to be non-iterative when
sequencing the non-triangular elements. The sequence of
testing for a non-triangular matrix may be determined in a
similar manner as the sequence of implementation for non-
triangular matrices, as described above. Even though a
completely decoupled design cannot be determined, various
aspects of the invention may be implemented to reduce the
amount of testing.

[0127] 1t should be understood that using a design matrix
is only one way to represent and determine coupling
between elements of a software design. The sequence of
testing may be determined by using other methods of
identifying coupling and dependencies between software
elements. Any method that provides information regarding
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coupling and dependencies between elements of a software
design may be used and is intended to be within the spirit
and scope of the invention.

[0128] In determining the sequence of testing, certain
components may be indicated as already tested. A user may
indicate, in a visual representation of the components, which
components have been tested and which have not. The visual
representation may be, for example, a design equation, a
flow chart, or a Gantt chart. In this instance, the system can
either generate a sequence of testing for only the compo-
nents that have not yet been tested or the system may
generate a sequence of testing for all components, indicating
which ones have already been tested. The components that
have already been tested may be indicated visually to a user
of the system by a change in color or other markings in a
visual representation of the sequence, or by removing the
component from the visual representation of the sequence. It
should be appreciated that other indication methods may be
used.

[0129] In addition, when incorporating legacy code or
previously implemented code, such as a Java Bean into a
design, it may be necessary to retest these previously imple-
mented components. For example, suppose a design consists
of four components, A, B, C and D. An implementation
sequence can be produced for these components, as
described above. Suppose components A and C are previ-
ously implemented and components B and D are not yet
implemented. Thus, the sequence of implementation might
only include components B and D. However, suppose that
there is a coupling between B and C. That is, a change to B
might require a change in C. Thus, the sequence of imple-
mentation would be B, C, D. However, component C is not
intended to be re-implemented. It is only intended to be
re-tested once component B is completed. Thus, one can
indicate in the sequence of implementation which compo-
nents need to be implemented and which components need
only to be re-tested and possibly modified as a result of the
testing.

[0130] Similar to the sequence of implementation, a
graphical representation of the sequence of testing may be
displayed within the system to a user. The graphical repre-
sentation may be in the form of a Gantt chart or a flow chart,
however any type of graphical representation that displays
information related to the coupling of elements may be used.
Additionally, the information can be provided to another
system or process, or the like. Also, the testing sequence
information may be exported into an external file which
stores the sequence of testing along with the expected time
necessary to complete each step in the sequence. Additional
information related to the project may also be included. For
example, data may be exported to a UML file. Data may also
be exported to a project planning file, such as, for example,
the Microsoft Project exchange format (.MPX) or the
Microsoft Project file format (MPP). In the same way,
project planning applications such as Microsoft Project may
be adapted to import or create the sequencing information
from an external file. It should be appreciated that the
invention is not limited to any particular file format and any
file format which is capable of storing project planning
information can be used. The developer may import this
project planning information into a project managing appli-
cation, such as Microsoft Project, in order to generate a
visual representation of the sequence information, for
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example a Gantt Chart. Many other types of visual repre-
sentations may be displayed, such as flow chart illustrating
dependencies between elements. Various visual representa-
tions of the sequence of testing will be discussed below in
more detail.

[0131] As mentioned above, visual representations of the
sequence of implementation and the sequence of testing may
be automatically generated and displayed to the developer.
In one embodiment, components can be represented in a
flow chart as boxes which illustrate which functional
requirements and design parameters constitute each compo-
nent. A component can be one or more object-oriented
classes defined in the design matrix or any logical grouping
of elements of a design. A component may be, for example,
an object-oriented class, multiple object-oriented classes, a
data member, a method, or a software package. The
sequence of components can illustrated by placing the box
corresponding to each component along a horizontal axis
according to the order in which the component will be
coded. This order may be determined by descending down
the vertical axis of the design matrix and looking for
dependencies between components that are lower on the
vertical axis and components that are higher. Once the
sequence is determined the dependencies can be indicated
by drawing an arrow between the box for each component
and all the components that depend on that component.
These dependencies are shown as off diagonal markers in the
design matrix.

[0132] FIG. 12 shows an example of a flow chart
described in the book entitled “ Axiomatic Design Advances
and Applications.” The flow chart of FIG. 12 shows a
sequence of implementation but does not illustrate the
coupling between all the elements of the design equation.
For example, referring to FIGS. 11 and 13 in which an
example of a design equation and a flow chart associated
with the design equation are shown, in order to determine
which components have a dependency Component A, one
would determine which design parameters are included in
Component A and then descend down the vertical axis of the
design matrix to find which other components use or rely on
these design parameters. Thus, a line is drawn for each
off-diagonal element in the design matrix. This process may
be performed for each component. However, this informa-
tion is not reflected in the prior art flow chart of FIG. 12.

[0133] Thus, such a flow chart displays a system archi-
tecture, revealing the design sequences between the com-
ponents which is defined in terms of the (FR/DP) or (DP/PV)
relationship. Also, such a flow chart is useful for managing
changes in the implementation of the design. When making
a change to a component it is easy to see which other
components depend on the component to be changed. There-
fore, it is easy to identify the other objects which could be
affected by a change to another component. Also, when
adding or removing components from a design, the flow
chart clearly illustrates which components could be
impacted by the addition or removal of a component. Thus,
a designer can position a component to be added in the
sequence of components so that the fewest number of other
components are affected by the addition. Similarly, the
designer can remove or change components so that the
fewest number of other components will be affected by the
removal or change. In addition, a programmer can avoid
recursively testing software by following the order of imple-
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mentation or order of testing of components displayed in the
flow chart. The flow chart provides a graphical representa-
tion of the sequence of implementation or the sequence of
testing so that the programmer can easily visualize the
dependencies between elements in a design. This is also
useful when many developers in different geographical
locations are collectively implementing a design. The flow
chart allows the developers to identify the order in which
components can be implemented. Because components are
implemented and/or tested in the proper order, programmers
avoid development inefficiencies. For example, a developer
does not need to wait for other developers to complete
implementation of other components if the developer can
identify a component to be developed that does not depend
upon incompleted components. The flow chart may also be
used to monitor a development status of a software project.

[0134] In another embodiment of the invention, the ele-
ment of time may be incorporated into the visualization of
the sequencing of components, for example in a Gantt Chart.
FIGS. 9A and 9B show a design equation 950 and a flow
chart 901 generated for classes defined in the design equa-
tion 950. More particularly, flow chart 901 shows a sequence
in which software should be produced. Similarly, a Gantt
chart may be generated which shows the estimated devel-
opment periods for each of the individual elements of the
design matrix. As shown in FIG. 9B, element A (item 902)
is followed in sequence by element B of the design matrix
(903). These elements, may be for example, classes that are
identified within the design matrix, and may include one or
more elements. Further, development of element B is fol-
lowed by a parallel development of elements C (item 904)
and element D (item 905), which is in turn followed by a
development of element E (item 906).

[0135] FIG. 9C shows a Gantt chart also generated from
information stored within the design matrix and which
corresponds to flow chart 901. More particularly, Gantt chart
910 shows a number of time periods along a time line which
indicates the sequence and time necessary (or planned) to
develop one or more software components associated with
elements in the design matrix. As is shown in FIG. 9B, there
is a development time 911 associated with element A fol-
lowed by a time of development 912 of elements B followed
by parallel periods of development for item for elements C
and D (items 913 and 914, respectively). Following the
greater of the parallel developments of C and D, a period of
development 915 of element E begins.

[0136] However, according to one embodiment of the
invention it is realized that there is significant development
time associated with elements of the design matrix that link
components located on a diagonal of the design matrix. For
example, FIG. 10A shows coupling between elements A and
D (element 1052). This information is also illustrated in the
flow chart of FIG. 10B (item 1002). Thus, in this example,
a dependency exists between components A and D. As is
shown in FIG. 10C, a Gantt chart 1003 may be used to
indicate additional development time associated with the
off-diagonal element linking components A and D. This
additional development time, labeled AD (item 1004) is
added to chart 1003 as a time period following the devel-
opment time of the last coupled element in the sequence. For
example, component D is developed later in the sequence
then component A as is shown in chart 1001, and any
dependent element that links components A and D should be
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developed after component A and D are defined. That is, in
developing elements of the design matrix, off-diagonal ele-
ments are developed following the development of the
components which they link. Therefore, as is shown in FIG.
10B, period AD 1004 is added following the period 914 for
developing element D. However, because the element link-
ing components A and D may have an effect on later-
developed components, such as element E, this period 1004
is located before the period 915 for developing element E.

[0137] FIG. 11 shows an example design equation 1101
which may be used to determine flow chart 1001 and Gantt
chart 1003 as shown in FIG. 11, components A-E (items
1103 -1107) are located along a diagonal 1108 of design
equation 1101. As discussed previously, design equation
1101 relates functional requirements 1102 to design param-
eters 1110. Also located within design matrix 1101 is an
off-diagonal element which links component A (1103) to
component D (1106). This off-diagonal element 1109 indi-
cates that there is a dependency between components A
(1103) and component D (1106). For example, component D
may call a function or use one or more attributes of com-
ponent A (1103). Other dependencies between components
are possible.

[0138] Additionally, a Gantt chart may be weighted in
order to describe the manpower required to complete each
task. For example, it may be determined that three people are
required to complete a first task, but only two people are
required to complete a second and third task. This weighting
information may also be displayed in the Gantt chart to assist
in planning.

[0139] Such a display of a Gantt chart is very useful for a
software developer, as a significant amount of time is spent
linking components. Practically, programmers use and inte-
grate existing components (such as components provided as
part of a software library) to create larger systems, and these
off-diagonal elements represent linkings between these com-
ponents. In the case where software components make up a
majority of the design, development time for these off-
diagonal elements also predominate the design schedule. By
representing off-diagonal elements in a Gantt chart, software
developers can be provided a more realistic estimate of
development schedule and sequencing.

[0140] Coding Process Improvements, Documentation,
and Performance Improvements

[0141] The design hierarchy may have a different shape
depending on a higher-level design decision, meaning that if
a designer selects different Design Parmeters (DPs) for one
level to make an uncoupled or decoupled design, the child
level information may vary depending on the DP selection.
This design feature improves reusability because lower-level
details of a program do not require modification if changes
are made at a higher level of the design hierarchy. For
example, after a company designs their software using
axiomatic design principles, they may want to choose pre-
viously-designed DPs for their new software project.
Decomposition for the previously-designed DPs are not
required; only a small amount of modification of the source
code which represents the previously-designed DPs and
their associated lower level hierarchies to fit the new project
may be needed. Therefore, the result of each individual
software development project can be stored in a storage
structure such as a design database or a custom data structure
and referred to by a programmer at any time.
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[0142] As shown in FIG. 15, all decision making of the
design process can be documented and saved automatically.
Thus, all design decisions and alternatives to the design
decision and their associated design matrices can be stored.
This allows developers or new designers who were not
involved in the original design process to understand why
certain design decisions were made. For example, referring
to FIG. 15, suppose a designer who is developing software
has to make a decision on how to satisfy functional require-
ment 1 (FRI). One choice he could make is Decision A,
which would use Design parameter 1, shown in section B of
the drawing, to satisfy FRI. This design decision results in
three new functional requirements, 1.1, 1.2, and 1.3. The
designer then satisfies these three functional requirements
with design parameters 1.1, 1.2, and 1.3. He then puts these
functional requirements and design parameters into a design
matrix shown in section C of the drawing. By inspecting the
matrix, the designer realizes that he has a coupled design.
The designer realizes that Decision A is not a desirable
option, so he repeats the process this time using Decision B,
satisfying FRI with design parameter 1A. This results in two
new functional requirements 1.1A and 1.1B. The designer
satisfies these requirements with design parameters 1.1A and
1.1B. The resulting design equation shows that this design is
decoupled, and thus a better option than Decision A. Both of
these design matrices can be saved in order to document why
such a decision was made. This documentation is beneficial
for designers who join a project later in development and
need to understand the history of development, and why
particular design decisions were made.

[0143] This ability to record design decisions additionally
helps to bridge the communication gap between those who
design software and the programmers who implement it.
Since the programmers can use design documents generated
from the design equation, any changes to the design that the
designers make will be reflected in the design documents.
Also the reasons for these decisions can be documented
along with the rest of the design since alternative design
decisions and alternative design matrices can be saved.

[0144] This design process further allows the designer to
easily test his design decisions and experiment with a variety
of different design decisions. Since a designer can easily
visualize the amount of coupling in his design by putting the
functional requirements and design parameters into the
design equation, he can avoid the tedious process of having
to implement the entire design to test for a highly coupled
design. Furthermore, the designer can test a variety of
different designs in the design matrix to determine which has
the least amount of coupling. Additionally, it is easy to
monitor the progress of a software project by simply keeping
track of the percentage of elements in the design matrix that
have been implemented.

[0145] In the design process, reusable code or shared
libraries from previous projects or applications are often
incorporated into a design to reduce the amount of coding
that must be done. Often, software components such as
Enterprise Java Beans (EJB) are used as reusable compo-
nents. In a similar way as described above, a designer can
test how well this reusable code fits into his design. He can
also determine how to fit this code into his design to
minimize coupling. Also, a designer can “test” the quality of
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software components by determining the amount of cou-
pling within the representation of the source of code within
the design matrix.

[0146] Alternatively, the designer can use the design
matrix to identify components in his own design that could
be reused later. For example, a designer could identify, in a
design matrix such as the one shown in FIG. 15, that Class
A, Class B, and Class C, together constitute a component
that is reusable. However, sometimes the functionality of all
of these classes is not required. Thus, if only the function-
ality of Class A is required, the code for Class B and Class
C need not be included in the reusable component, since
Class A has no dependencies on Class B or Class C. If only
the functionality of Class B is required, Class A must be
included in the component, but Class C need not be
included. Thus, the amount of code included in a reusable
component may be reduced by evaluating the coupling
between components.

[0147] Having now described a few embodiments, it
should be apparent to those skilled in the art that the
foregoing is merely illustrative and not limiting, having been
presented by way of example only. Numerous modifications
and other embodiments are within the scope of one of
ordinary skill in the art and are contemplated as falling
within the scope of the invention.

[0148] Forexample, it can be appreciated by one skilled in
the art that various embodiments of the invention could be
incorporated in a standalone system, distributed system, or
could be incorporated into an existing design tool system.
For example, various aspects of the invention may be
incorporated in a software design tool such as Rational Rose,
available from the Rational Software Corporation. For
example, information may be extracted from the data files
used by such a software design tool. The data extracted from
the files can be used to generate a design equation or
sequencing and scheduling information. The data files may
be in any format, including XMI and UML.

What is claimed is:
1. A method for developing software comprising acts of:

a) determining a coupling between a plurality of elements
of a software design; and

b) determining a sequence of implementation of the
plurality of elements based on the coupling.
2. The method of claim 1, wherein the act a) further
comprises an act of:

al) determining a coupling between elements of a soft-

ware design equation.

3. The method of claim 2, wherein the act b) further
comprises determining a sequence of implementation for a
plurality of uncompleted elements of the software design.

4. The method of claim 3, further comprising:

including at least one completed element in the sequence
of implementation for the plurality of uncompleted
elements; and

indicating that the at least one completed element should
be re-tested.

5. The method of claim 2, wherein the design equation

includes a design matrix and the act al) further comprises
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determining the coupling between elements of a software
design equation by examining off-diagonal elements of the
software design matrix.

6. The method of claim 1, wherein the act b) further
comprises an act of:

bl) determining a sequence of implementation using a
software design equation describing the software
design.

7. The method of claim 6, wherein the software design

equation includes a lower-triangular software design matrix
and the act bl) further comprises acts of:

b2) identifying a top left on-diagonal element of the
software design matrix as a first element in the
sequence of implementation;

b3) identifying an on-diagonal element of the software
design matrix on a subsequent line in the software
design matrix as a next component in the sequence of
implementation; and

b4) identifying one or more off-diagonal elements of the
software design matrix on the subsequent line as sub-
sequent elements in the sequence of implementation.
8. The method of claim 5, further comprising an act of b5)
repeating acts b3) and b4) until the sequence of implemen-
tation is complete.
9. The method of claim 6, wherein the software design
equation includes an upper-triangular software design
matrix and the act bl) further comprises acts of:

b2) identifying a bottom right on-diagonal element of the
software design matrix as a first element in the
sequence of implementation;

b3) identifying an on-diagonal element of the software
design matrix on a preceding line in the software design
matrix as a next component in the sequence of imple-
mentation; and

b4) identifying one or more off-diagonal elements of the
software design matrix on the preceding line as subse-
quent elements in the sequence of implementation.

10. The method of claim 9, further comprising an act of
b5) repeating acts b3) and b4) until the sequence of imple-
mentation is complete.

11. The method of claim 1, wherein the act b) further
comprises determining a non-iterative sequence of imple-
mentation of the plurality of elements.

12. The method of claim 6, wherein the design-matrix is
non-triangular and the act bl) further comprises:

arranging functional requirements of the design equation
so that coupled elements represented in the sequence of
implementation as a single element; and

identifying the sequence of implementation for the
decoupled elements of the design equation.
13. The method of claim 1, further comprising an act of:

¢) displaying a graphical representation of the sequence of

implementation.

14. The method of claim 13, wherein the act c) further
comprises displaying a Gantt chart describing the sequence
of implementation according to a time required to complete
implementation of at least one component.

15. The method of claim 13, wherein the act c) further
comprises displaying a flow chart representing the sequence
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of implementation as a series of components positioned
along a horizontal axis, the coupling of the components
illustrated by at least one connector that connects graphical
representations of the components.

16. The method of claim 15, further comprising deter-
mining a sequence of implementation of the components
based upon the series of components

17. The method of claim 15, further comprising:

distributing the flow chart to a plurality of developers; and

coordinating implementation of the components of the
flow chart between the plurality of developers based on
the sequence of implementation.

18. The method of claim 15, further comprising imple-
menting the elements of the flow chart according to a
sequence of the series of components of the flow chart.

19. The method of claim 15, further comprising modify-
ing a software design by inserting additional components
into the series of components of the flow chart.

20. The method of claim 1, further comprising an act of
exporting the sequence of implementation to an external
data file.

21. The method of claim 1, further comprising an act of
transferring the sequence of implementation to a project
planning application.

22. The method of claim 21, further comprising display-
ing the sequence of implementation to a user.

23. In a software design equation, having a software
design matrix having a plurality of elements, a method for
developing software, comprising acts of:

a) modifying the software design matrix to reduce cou-
pling between elements of the software design matrix;
and

b) determining a sequence of implementation in the
software design matrix based on the coupling between
the at least two elements.

24. The method of claim 23, wherein the software design

matrix is a lower-triangular matrix and act a) further com-
prises an act of:

al) altering a position of elements in the software design
equation to reduce a number of upper off-diagonal
elements in the software design matrix.
25. The method of claim 23, wherein the software design
matrix is an upper-triangular matrix and act a) further
comprises an act of:

al) altering a position of elements in the software design
equation to reduce a number of lower off-diagonal
elements in the software design matrix.
26. The method of claim 23, wherein the act a) further
comprises producing a decoupled software design matrix.
27. The method of claim 23, wherein the software design
matrix is a lower-triangular matrix and act b) further com-
prises acts of:

b2) identifying a top left on-diagonal element of the
software design matrix as a first element in the
sequence of implementation;

b3) identifying an on-diagonal element of the software
design matrix on a subsequent line in the software
design matrix as a next component in the sequence of
implementation; and
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b4) identifying one or more off-diagonal elements of the
software design matrix on the subsequent line as sub-
sequent elements in the sequence of implementation.

28. The method of claim 27 further comprising an act of:

b5) repeating acts b3) and b4) until the sequence of
implementation is complete.
29. The method of claim 23, wherein the software design
matrix is an upper-triangular matrix and act b) further
comprises acts of:

b2) identifying a bottom right on-diagonal element of the
software design matrix as a first element in the
sequence of implementation;

b3) identifying an on-diagonal element of the software
design matrix on a preceding line in the software design
matrix as a next component in the sequence of imple-
mentation; and

b4) identifying one or more off-diagonal elements of the
software design matrix on the preceding line as subse-
quent elements in the sequence of implementation.

30. The method of claim 29 further comprising an act of:

b5) repeating acts b3) and b4) until the sequence of

implementation is complete.

31. The method of claim 23, wherein the act b) further
comprises determining a non-iterative sequence of imple-
mentation of the plurality of elements.

32. The method of claim 23, further comprising an act of:

¢) displaying a graphical representation of the sequence of

implementation.

33. The method of claim 32, wherein the act ¢) further
comprises displaying a Gantt chart describing the sequence
of implementation according to a time required to complete
implementation of at least one component.

34. The method of claim 32, wherein the act ¢) further
comprises displaying a flow chart representing the sequence
of implementation as a series of elements positioned along
a horizontal axis, the coupling of the elements illustrated by
at least one connector that connects graphical representa-
tions of the components.

35. The method of claim 23, further comprising an act of
exporting the sequence of implementation to an external
data file.

36. The method of claim 23, further comprising an act of
transferring the sequence of implementation to a project
planning application.

37. The method of claim 1, further comprising displaying
the sequence of implementation to a user.

38. A digital information product comprising:

a computer-readable medium; and

stored on the computer-readable medium, computer pro-
gram instructions defining a software system that, when
executed, allow a user to determine a sequence of
implementation of software elements based on cou-
pling between the software elements in a software
design.

39. The digital information product of claim 38, wherein
the program instructions, when executed, allow a user to
determine coupling between elements of a software design
equation.

40. The digital information product of claim 39, wherein
the design equation includes a software design matrix and
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the computer program instructions, when executed, allow a
user to determine the coupling between elements of a
software design equation by examining off-diagonal ele-
ments of the software design matrix.

41. The digital information product of claim 38, wherein
the computer program instructions, when executed, allow a
user to determine a sequence of implementation using a
software design equation describing the software design, the
software design.

42. The digital information product of claim 41, wherein
the software design matrix is a lower-triangular matrix and
the computer program instructions, when executed, allow a
user to:

a) identify a top left on-diagonal element of the software
design matrix as a first element in the sequence of
implementation;

b) identify an on-diagonal element of the software design
matrix on a subsequent line in the software design
matrix as a next component in the sequence of imple-
mentation; and

¢) identify one or more off-diagonal elements of the
software design matrix on the subsequent line as sub-
sequent elements in the sequence of implementation.
43. The digital information product of claim 42, wherein
the computer program instructions, when executed, further
allow a user to:

d) repeat acts b) and c) until the sequence of implemen-

tation is complete.

44. The digital information product of claim 41, wherein
the software design matrix is an upper-triangular matrix and
the computer program instructions, when executed, allow a
user to:

a) identify a bottom right on-diagonal element of the
software design matrix as a first element in the
sequence of implementation;

b) identify an on-diagonal element of the software design
matrix on a preceding line in the software design matrix
as a next component in the sequence of implementa-
tion; and

¢) identify one or more off-diagonal elements of the
software design matrix on the preceding line as subse-
quent elements in the sequence of implementation.
45. The digital information product of claim 44, wherein
the computer program instructions, when executed, further
allow a user to:

d) repeat acts b) and c) until the sequence of implemen-

tation is complete.

46. The digital information product of claim 38, wherein
the computer program instructions, when executed, allow a
user to determine a non-iterative sequence of implementa-
tion of the plurality of elements.

47. The digital information product of claim 38, wherein
the computer program instructions, when executed, allow a
user to display a graphical representation of the sequence of
implementation.

48. The digital information product of claim 47, wherein
the graphical representation is a Gantt chart describing the
sequence of implementation according to a time required to
complete implementation of at least one element.
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49. The digital information product of claim 48, wherein
the graphical representation is a flow chart representing the
sequence of implementation as a series of components
positioned along a horizontal axis, the coupling of the
components illustrated by at least one connector that con-
nects elements.

50. The digital information product of claim 48, wherein
the computer program instructions, when executed, allow a
user to determine a sequence of implementation of the
components based upon the series of components

51. The digital information product of claim 48, wherein
the computer program instructions, when executed, allow a
user to:

distribute the flow chart to a plurality of developers; and

coordinate implementation of the components of the flow
chart between the plurality of developers based on the
sequence of implementation.

52. The digital information product of claim 48, wherein
the computer program instructions, when executed, allow a
user to implement the elements of the flow chart according
to a sequence of the series of components of the flow chart.

53. The digital information product of claim 48, wherein
the computer program instructions, when executed, allow a
user to modify a software design by inserting additional
components into the series of components of the flow chart.

54. The digital information product of claim 38, wherein
the computer program instructions, when executed, allow a
user to export the sequence of implementation to an external
data file.

55. The digital information product of claim 38, wherein
the computer program instructions, when executed, allow a
user to transfer the sequence of implementation to a project
planning application.

56. The digital information product of claim 55, further
comprising displaying the sequence of implementation to a
user.

57. A method for testing software comprising acts of:

a) determining a coupling between a plurality of elements
of a software design; and

b) determining a sequence of testing of the plurality of
elements based on the coupling.
58. The method of claim 57, wherein the act a) further
comprises an act of:

al) determining a coupling between elements of a soft-

ware design equation.

59. The method of claim 58, wherein the design equation
includes a software design matrix and the act al) further
comprises determining the coupling between elements of a
software design equation by examining off-diagonal ele-
ments of the software design matrix.

60. The method of claim 58, wherein the matrix is
non-triangular and the act b) further comprises:

arranging functional requirements of the design equation
so that coupled elements are represented in the
sequence of testing as a single element: and

identifying a sequence of testing for the decoupled ele-
ments of the design equation.
61. The method of claim 58, wherein the act b) further
comprises an act of:
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b1) determining a sequence of testing using a software
design equation describing the software design.
62. The method of claim 61, wherein the software design
equation includes a lower-triangular software design matrix
and the act bl) further comprises acts of:

b2) identifying a top left on-diagonal element of the
software design matrix as a first element in the
sequence of testing;

b3) identifying an on-diagonal element of the software
design matrix on a subsequent line in the software
design matrix as a next component in the sequence of
testing; and

b4) identifying one or more off-diagonal elements of the
software design matrix on the subsequent line as sub-
sequent elements in the sequence of testing.

63. The method of claim 62, further comprising an act of:
b5) repeating acts b3) and b4) until the sequence of testing
is complete.

64. The method of claim 61, wherein the software design
equation includes an upper-triangular software design
matrix act bl) further comprises acts of:

b2) identifying a bottom right on-diagonal element of the
software design matrix as a first element in the
sequence of testing;

b3) identifying an on-diagonal element of the software
design matrix on a preceding line in the software design
matrix as a next component in the sequence of testing;
and

b4) identifying one or more off-diagonal elements of the
software design matrix on the preceding line as subse-
quent elements in the sequence of testing.

65. The method of claim 64, further comprising an act of:
b5) repeating acts b3) and b4) until the sequence of testing
is complete.

66. The method of claim 57, wherein the act b) further
comprises determining a non-iterative sequence of testing of
the plurality of elements.

67. The method of claim 57, further comprising an act of:

¢) displaying a graphical representation of the sequence of

testing.

68. The method of claim 67, wherein the act ¢) further
comprises displaying a Gantt chart describing the sequence
of testing according to a time required to complete testing of
at least one element.

69. The method of claim 67, wherein the act ¢) further
comprises displaying a flow chart representing the sequence
of testing as a series of components positioned along a
horizontal axis, the coupling of the elements illustrated by at
least one connector that connects graphical representations
of the elements.

70. The method of claim 67, further comprising deter-
mining a sequence of testing of the components based upon
the series of components

71. The method of claim 67, further comprising:

distributing the flow chart to a plurality of developers; and

coordinating testing of the components of the flow chart
between the plurality of developers based on the
sequence of testing.
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72. The method of claim 67, further comprising testing the
elements of the flow chart according to a sequence of the
series of components of the flow chart.

73. The method of claim 67, further comprising modify-
ing a software testing path by inserting additional compo-
nents into the series of components of the flow chart.

74. The method of claim 57, further comprising an act of
exporting the sequence of testing to an external data file.

75. The method of claim 57, further comprising an act of
transferring the sequence of testing to a project planning
application.

76. The method of claim 75, further comprising display-
ing the sequence of testing to a user.

77. In a software design equation, having a software
design matrix, a method for testing software, comprising
acts of:

a) modifying the software design matrix to reduce cou-
pling between elements software design matrix; and

b) determining a sequence of testing in the software

design matrix based on the coupling between elements.

78. The method of claim 77, wherein the act a) further
comprises an act of:

al) altering a position of elements in the software design
equation to reduce a number of upper off-diagonal
elements in the software design matrix.
79. The method of claim 77, wherein the act a) further
comprises producing a decoupled software design matrix.
80. The method of claim 77, wherein the software design
matrix is a lower-triangular matrix act b) further comprises
acts of:

b2) identifying a top left on-diagonal element of the
software design matrix as a first element in the
sequence of testing;

b3) identifying an on-diagonal element of the software
design matrix on a subsequent line in the software
design matrix as a next component in the sequence of
testing; and

b4) identifying one or more off-diagonal elements of the
software design matrix on the subsequent line as sub-
sequent elements in the sequence of testing.

81. The method of claim 80, further comprising an act of:
b5) repeating acts b3) and b4) until the sequence of testing
is complete.

82. The method of claim 77, wherein the software design
matrix is an upper-triangular matrix and the act b) further
comprises acts of:

b2) identifying a bottom right on-diagonal element of the
software design matrix as a first element in the
sequence of testing;

b3) identifying an on-diagonal element of the software
design matrix on a preceding line in the software design
matrix as a next component in the sequence of testing;
and

b4) identifying one or more off-diagonal elements of the
software design matrix on the preceding line as subse-
quent elements in the sequence of testing.
83. The method of claim 80, further comprising an act of:
b5) repeating acts b3) and b4) until the sequence of testing
is complete.
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84. The method of claim 77, wherein the act b) further
comprises determining a non-iterative sequence of testing of
the plurality of elements.

85. The method of claim 77, further comprising an act of:

¢) displaying a graphical representation of the sequence of

testing.

86. The method of claim 78, wherein the act ¢) further
comprises displaying a Gantt chart describing the sequence
of testing according to a time required to complete testing of
at least one element.

87. The method of claim 78, wherein the act ¢) further
comprises displaying a flow chart representing the sequence
of testing as a series of elements positioned along a hori-
zontal axis, the coupling of the elements illustrated by at
least one connector that connects graphical representations
of the elements.

88. The method of claim 77, further comprising an act of
exporting the sequence of testing to an external data file.

89. The method of claim 77, further comprising an act of
transferring the sequence of testing to a project planning
application.

90. The method of claim 77, further comprising display-
ing the sequence of testing to a user.

91. A digital information product comprising:

a computer-readable medium; and

stored on the computer-readable medium, computer pro-
gram instructions defining a software system that, when
executed, allow a user to determine a sequence of
testing of software elements based on coupling between
the software elements in a software design.

92. The digital information product of claim 91, wherein
the computer program instructions, when executed, allow a
user to determine coupling between elements of a software
design equation.

93. The digital information product of claim 92, wherein
the design equation includes a software design matrix and
the computer program instructions, when executed, allow a
user to determine the coupling between elements of a
software design equation by examining off-diagonal ele-
ments of the software design matrix.

94. The digital information product of claim 91, wherein
the computer program instructions, when executed, allow a
user to determine a sequence of testing using a software
design equation describing the software design.

95. The digital information product of claim 94, wherein
the software design matrix is a lower-triangular matrix and
the computer program instructions, when executed, allow a
user to:

a) identify a top left on-diagonal element of the software
design matrix as a first element in the sequence of
testing;

b) identify an on-diagonal element of the software design
matrix on a subsequent line in the software design
matrix as a next component in the sequence of testing;
and

¢) identify one or more off-diagonal elements of the
software design matrix on the subsequent line as sub-
sequent elements in the sequence of testing.
96. The method of claim 95, further comprising an act of:
d) repeat acts b) and c) until the sequence of testing is
complete.
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97. The digital information product of claim 94, wherein
the software design matrix is an upper-triangular matrix and
the computer program instructions, when executed, allow a
user to:

a) identify a bottom right on-diagonal element of the
software design matrix as a first element in the
sequence of testing;

b) identify an on-diagonal element of the software design
matrix on a preceding line in the software design matrix
as a next component in the sequence of testing; and

¢) identify one or more off-diagonal elements of the
software design matrix on the preceding line as subse-
quent elements in the sequence of testing.

98. The method of claim 95, further comprising an act of:
d) repeat acts b) and c) until the sequence of testing is
complete.

99. The digital information product of claim 91, wherein
the computer program instructions, when executed, allow a
user to determine a non-iterative sequence of testing of the
plurality of elements.

100. The digital information product of claim 91, wherein
the computer program instructions, when executed, allow a
user to display a graphical representation of the sequence of
testing.

101. The digital information product of claim 91, wherein
the graphical representation is a Gantt chart describing the
sequence of testing according to a time required to complete
testing of at least one element.

102. The digital information product of claim 101,
wherein the graphical representation is a flow chart repre-
senting the sequence of testing as a series of components
positioned along a horizontal axis, the coupling of the
components illustrated by at least one connector that con-
nects graphical representations of the elements.

103. The digital information product of claim 102,
wherein the computer program instructions, when executed,
allow a user to determine a sequence of testing of the
components based upon the series of components.

104. The digital information product of claim 102,
wherein the computer program instructions, when executed,
allow a user to:

distribute the flow chart to a plurality of developers; and

coordinate testing of the components of the flow chart
between the plurality of developers based on the
sequence of testing.

105. The digital information product of claim 102,
wherein the computer program instructions, when executed,
allow a user to test the elements of the flow chart according
to a sequence of the series of components of the flow chart.

106. The digital information product of claim 102,
wherein the computer program instructions, when executed,
allow a user to modify a software test path by inserting
additional components into the series of components of the
flow chart.

107. The digital information product of claim 91, wherein
the computer program instructions, when executed, allow a
user to export the sequence of testing to an external data file.

108. The digital information product of claim 91, wherein
the computer program instructions, when executed, allow a
user to transfer the sequence of testing to a project planning
application.
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109. The method of claim 108, further comprising dis-
playing the sequence of testing to a user.
110. A method for designing software comprising:

a) identifying a first software element and a second
software element as part of a software design;

b) determining at least one dependency between the first
software element and the second software element; and

¢) determining a sequence of implementation of the first
and second software elements based on b).
111. A digital information product comprising:

a computer-readable medium;

stored on the computer-readable medium, computer pro-
gram instructions defining a software system that, when
executed, allow a user to:

a) identify a first software element and second software
element as part of a software design;

b) determine at least one dependency between the first
software element and the second software element;
and

¢) determine a sequence of implementation of the first
and second software elements based on b).
112. A method for reverse engineering a plurality of
computer-based instructions, the method comprising:

a) determining, during a first parse of a first source of
code, a structure of at least two object-oriented soft-
ware components represented by the code;

b) determining, during a second parse of the first source
of code, a relationship between the components; and

¢) determining, according to acts a) and b), a representa-
tion of the first source of code in a design equation
relating design goals and implementation of the design
goals in a design matrix.

113. The method according to claim 112, wherein act a)
includes determining at least one method associated with the
at least two components.

114. The method according to claim 112, wherein act a)
includes determining at least one of:

a relation between at least two methods; and

a relation between an attribute and a method.

115. The method according to claim 112, wherein act b)
includes determining dependencies between the at least two
object-oriented software components.

116. The method according to claim 112, further com-
prising determining a design equation, the design equation
comprising a plurality of functional requirements that char-
acterize design goals, a plurality of design parameters that
characterize how the design goals are achieved, and a
mapping between the plurality of functional requirements
and design parameters.

117. The method according to claim 112, wherein the act
of determining the representation of the first source of code
in the design equation includes determining placement of
components within the design matrix.

118. The method according to claim 112, wherein the act
of determining the representation of the first source of code
in the design equation further comprises creating, in the
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design equation, a hierarchy of elements, the hierarchy of
elements depending upon the relationship between the at
least two components.

119. The method according to claim 118, wherein the act
of determining the representation of the first source of code
in the design equation further comprises creating elements in
the design matrix corresponding to methods identified
within the first source of code.

120. The method according to claim 119, wherein the act
of determining the representation of the first source of code
in the design equation further comprises determining on-
diagonal elements of the design matrix.

121. The method according to claim 119, wherein the act
of determining the representation of the first source of code
in the design equation further comprises determining off-
diagonal elements of the design matrix.

122. The method according to claim 112, wherein the act
of determining the representation of the first source of code
in the design equation comprises reducing circular depen-
dencies between elements of the design equation.

123. The method according to claim 112, wherein the act
of determining the representation of the first source of code
in the design equation comprises determining at least one
arbitrary functional requirement, wherein the arbitrary func-
tional requirement includes a functional description which is
not defined in the act of determining the representation of the
first source of code in the design equation.

124. The method according to claim 123, wherein the
arbitrary functional requirement is determined by a user
after one or more elements of the design equation are
determined.

125. The method according to claim 112, further com-
prising determining an internal representation of the first
source of code, wherein the internal code is represented by
a structure comprising:

a first object class, instantiated objects of which represent
each of the at least two object-oriented software
objects;

a second object class, instantiated objects of which rep-
resent class information of each of the at least two
object-oriented software objects;

a third object class, instantiated objects of which represent
method information of each of the at least two object-
oriented software objects;

a fourth object class, instantiated objects of which repre-
sent code associated with each of the at least two
object-oriented software objects; and

a fifth object class, at least one instantiated object of
which represents a dependency between the at least two
object-oriented software objects.

126. The method according to claim 125, further com-
prising determining, from the internal representation, an
output code based on the structure of the internal represen-
tation.

127. The method according to claim 112, wherein the first
source of code is written in the C++ language.

128. The method according to claim 112, wherein the first
source of code is written in the Java programming language.

129. The method according to claim 112, wherein the first
source of code is a description of a code structure.
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130. The method according to claim 129, wherein the
description of the code structure is in a markup text format-
ting language format.

131. The method according to claim 130, wherein the
description is provided in HTML format.

132. The method according to claim 112, further com-
prising determining an internal representation of the first
source of code, and wherein the act of determining the
internal representation includes:

storing, in a linked list, representations of the at least two
objects

storing, in at least one object-oriented object, character-
istics of a method associated with at least one of the at
least two objects;

storing, in at least one object-oriented object, character-
istics of code associated with at least one of the at least
two objects;

storing, in at least one object-oriented object, character-
istics of a class associated with at least one of the at
least two objects; and

storing, in at least one object-oriented object, character-

istics of a dependency between the at least two objects.

133. The method according to claim 132, wherein the
characteristics of a dependency are indicative of an inher-
itance relation between the at least two objects.

134. The method according to claim 132, wherein the
characteristics of a dependency are indicative of a method
call between the at least two objects.

135. The method according to claim 112, further com-
prising combining a representation of a second source of
code with the representation of the first source of code in the
design equation.

136. The method according to claim 135, wherein the first
source of code is part of a code library.

137. The method according to claim 112, further com-
prising evaluating functionality of the first source of code by
inspecting the design equation.

138. The method according to claim 112, further com-
prising representing, to a user, a visual representation of the
design equation.

139. The method according to claim 138, further com-
prising indicating, to a user, decoupled elements of the
design equation that indicate that a software component is
suitable for reuse.

140. The method according to claim 139, further com-
prising indicating that at least one element of the design
equation is decoupled.

141. The method according to claim 112, further com-
prising providing, to a user, an indication to a user, a degree
of coupling between the at least two object-oriented soft-
ware objects.

142. The method according to claim 135, further com-
prising facilitating development of one or more off-diagonal
elements of the design matrix, the one or more off-diagonal
elements linking the representation of the second source of
code with the representation of the first source of code.

143. The method according to claim 112, further com-
prising determining an amount of coupling between the at
least two object-oriented software objects, and evaluating a
performance of the at least two objects, the performance
being based at least in part on the amount of coupling
between the at least two object-oriented software objects.
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144. The method according to claim 143, wherein the
amount of coupling depends upon one or more off-diagonal
elements in the design matrix.

145. The method according to claim 112, further com-
prising representing, to a user, a visual representation of the
design matrix, and indicating, within the design matrix,
elements of the representation of the first source of code as
being related to the first source of code.

146. The method according to claim 145, wherein the first
source of code is an object-oriented software component,
and the method further comprises indicating, for each ele-
ment in the design equation related to the object-oriented
software component, that each related element was derived
from the object-oriented software component.

147. The method according to claim 146, wherein the
object-oriented software component is a Javabean compo-
nent.

148. The method according to claim 145, further com-
prising determining an amount of coupling between the at
least two object-oriented software objects, and evaluating a
performance of the at least two objects, the performance
being based at least in part on the amount of coupling
between the at least two object-oriented software objects.

149. The method according to claim 145, further com-
prising indicating, to a user, decoupled elements of the
design equation that indicate that the object-oriented soft-
ware component is suitable for reuse.

150. The method according to claim 145, further com-
prising indicating that at least one element of the design
equation is uncoupled.

151. The method according to claim 145, further com-
prising providing, to a user, an indication to a user, a degree
of coupling between the at least two object-oriented soft-
ware objects.

152. The method according to claim 145, further com-
prising facilitating development of one or more off-diagonal
elements of the design matrix, the one or more off-diagonal
elements linking the representation of a second source of
code with the representation of the first source of code.

153. The method according to claim 112, wherein the first
source of code is a compiled Java byte code.

154. A system for reverse engineering object-oriented
software code, the system comprising:

a parser that is configured to parse an input source file and
which is configured to determine, during a first parse of
a first source of object-oriented code, a structure of at
least two object-oriented objects represented by the
code, and determine, during a second parse of the first
source of code, a relationship between the objects; and

a process handler that determines, according to the deter-
mined structure and relationship, a design equation
comprising a plurality of functional requirements that
characterize design goals, a plurality of design param-
eters that characterize how the design goals are
achieved, and a mapping between the plurality of
functional requirements and design parameters.

155. The system according to claim 154, wherein the
process handler determines placement of objects within the
design matrix.

156. The system according to claim 154, wherein the
process handler creates, in the design equation, a hierarchy
of elements, the hierarchy of elements depending upon the
relationship between the at least two objects.
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157. The system according to claim 154, wherein the
process handler creates elements in the design equation
corresponding to methods identified within the first source
of code.

158. The system according to claim 154, wherein the
process handler determines on-diagonal elements of the
design matrix.

159. The system according to claim 154, wherein the
process handler determines off-diagonal elements of the
design matrix.

160. The system according to claim 154, wherein the
process handler reduces circular dependencies between ele-
ments of the design equation.

161. The system according to claim 154, wherein the
process handler determines at least one arbitrary functional
requirement, wherein the arbitrary functional requirement
includes a functional description which is not defined in the
design equation.

162. The method according to claim 161, wherein the
arbitrary functional requirement is determined by a user
after one or more elements of the design equation are
determined.

163. The system according to claim 154, wherein the
process handler is configured to convert the structure and
relationship into an object-oriented data structure represent-
ing the at least two object-oriented software objects.

164. The system according to claim 154, wherein the
process handler determines an internal representation of the
first source of code, wherein the internal code is represented
by a structure comprising:

a first object class, instantiated objects of which represent
each of the at least two object-oriented software
objects;

a second object class, instantiated objects of which rep-
resent class information of each of the at least two
object-oriented software objects;

a third object class, instantiated objects of which represent
method information of each of the at least two object-
oriented software objects;

a fourth object class, instantiated objects of which repre-
sent code associated with each of the at least two
object-oriented software objects; and

a fifth object class, at least one instantiated object of
which represents a dependency between the at least two
object-oriented software objects.

165. The system according to claim 164, wherein the
process handler determines, from the internal representation,
an output code based on the structure of the internal repre-
sentation.

166. The system according to claim 154, wherein the first
source of code is written in the C++ language.

167. The system according to claim 154, wherein the first
source of code is written in the Java programming language.

168. The system according to claim 154, wherein the first
source of code is a description of a code structure.

169. The system according to claim 154, wherein the
description of the code structure is in a markup language
format.

170. The system according to claim 169, wherein the
description is provided in HTML format.
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171. The system according to claim 154, wherein the
process handler determines an internal representation of the
first source of code, and the process handler performs:

storing, in a linked list, representations of the at least two
objects

storing, in at least one object-oriented object, character-
istics of a method associated with at least one of the at
least two objects;

storing, in at least one object-oriented object, character-
istics of code associated with at least one of the at least
two objects;

storing, in at least one object-oriented object, character-
istics of a class associated with at least one of the at
least two objects; and

storing, in at least one object-oriented object, character-

istics of a dependency between the at least two objects.

172. The system according to claim 171, wherein the
characteristics of a dependency are indicative of an inher-
itance relation between the at least two objects.

173. The system according to claim 171, wherein the
characteristics of a dependency are indicative of a method
call between the at least two objects.

174. The system according to claim 154, wherein the
process handler is adapted to combine a representation of a
second source of code with the representation of the first
source of code in the design equation.

175. The system according to claim 174, wherein the first
source of code is part of a code library.

176. The system according to claim 154, the process
handler being adapted to evaluate functionality of the first
source of code by inspecting the design matrix.

177. The system according to claim 154, the system
further comprising a user interface that displays design
information to a user, the design information including a
visual representation of the design equation.

178. The system according to claim 177, wherein the user
interface is configured to indicate, to the user, decoupled
elements of the design equation that indicate that a software
component is suitable for reuse.

179. The system according to claim 178, wherein the user
interface is configured to indicate, to the user, that at least
one element of the design equation is decoupled.

180. The system according to claim 154, further compris-
ing a user interface that displays design information to a
user, the design information including a visual representa-
tion of the design equation, and wherein the user interface
indicates, to the user, a degree of coupling between the at
least two object-oriented software objects.

181. The system according to claim 174, wherein the
process handler facilitates development of one or more
off-diagonal elements of the design matrix, the one or more
off-diagonal elements linking the representation of the sec-
ond source of code with the representation of the first source
of code.

182. The system according to claim 154, wherein the
process handler is adapted to determine an amount of
coupling between the at least two object-oriented software
objects, wherein the at least two object-oriented software
objects are executed in separate memory spaces, and is
adapted to determine a performance of the at least two

Nov. 14, 2002

objects, the performance being based at least in part on the
amount of coupling between the at least two object-oriented
software objects.

183. The system according to claim 182, wherein the
amount of coupling depends upon one or more off-diagonal
elements in the design matrix.

184. The system according to claim 154, wherein the
process handler is configured to convert the object-oriented
data structure into an XMI-based object representation.

185. A method for designing object-oriented software
comprising:

providing a software design matrix describing a relation-
ship between one or more functional requirements and
one or more design parameters; and

identifying at least one object-oriented class as being
defined by a portion of the software design matrix.
186. The method of claim 185, wherein the portion is a
sub-matrix of the software design matrix.
187. The method of claim 186, further comprising:

grouping, into the sub-matrix, the functional requirements
of a level and the design parameters of the level; and

mapping one or more elements of the sub-matrix to at
least one data member and at least one method of an
object-oriented class.

188. The method of claim 187, wherein the act of group-
ing the functional requirements of a level and the design
parameters of the level further comprises determining the
level containing the functional requirements and design
parameters to be grouped from a plurality of levels, the
levels being created by decomposing the functional require-
ments and design parameters.

189. The method of claim 187, wherein the level may be
a top level or a sub-level of the top level, the sub-level not
being a terminal level.

190. The method of claim 187, wherein the level is not
allowed to be a terminal level.

191. The method of claim 190, wherein the act of map-
ping the elements of the sub-matrix to the attributes and
method of an object-oriented class further comprises:

mapping the terminal level design parameters to data
members of the object-oriented class.
192. The method of claim 190, wherein the act of map-
ping the elements of the sub-matrix to the attributes and
method of an object-oriented class further comprises:

mapping the relationship between terminal level design
parameters and terminal level functional requirements
to methods of the class.
193. The method of claim 190, wherein the act of map-
ping the elements of the sub-matrix to the attributes and
methods of an object-oriented class further comprises:

mapping the terminal level design parameters to outputs

of methods of the object-oriented class.

194. The method of claim 187, wherein the act of group-
ing the functional requirements of a level and the design
parameters of the level further comprises only grouping
contiguous functional requirements into the sub-matrix.

195. The method of claim 187, wherein the sub-matrix is
bounded by vertical and horizontal bands in the software
design matrix.
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196. The method of claim 195, wherein the horizontal
bands extend from a beginning of the level of design
parameters to an end of the level of design parameters.

197. The method of claim 195, wherein the vertical bands
extend from a beginning of the level of functional require-
ments to an end of the level of functional requirements.

198. The method of claim 187, wherein the sub-matrix is
an on-diagonal class.

199. The method of claim 187, wherein the sub-matrix is
an off-diagonal sub-matrix, representing a relationship
between at least two on-diagonal classes.

200. A method for designing object-oriented software
from a software design matrix comprising:

identifying on-diagonal sub-matrices in the software
design matrix;

identifying off-diagonal sub-matrices in the software
design matrix;

mapping the elements of the on-diagonal sub-matrices
into on-diagonal object-oriented classes; and

mapping the elements of the off-diagonal sub-matrices
into relationship information of the on-diagonal object-
oriented classes.

201. The method of claim 200, further comprising:

determining bounds of the off-diagonal sub-matrices
based on a choice of bounds of the on-diagonal sub-
matrices.

202. The method of claim 201, further comprising:

determining a relationship between the on-diagonal

classes using the off-diagonal sub-matrices.

203. The method of claim 202, wherein the relationship
between on-diagonal objects is a parent-child relationship.

204. The method of claim 202, wherein the relationship
between on-diagonal objects is an aggregation relationship.

205. The method of claim 203, wherein the parent-child
relationship may be indicated by using colored markers in
the software design matrix.

206. The method of claim 204, wherein the aggregation
relationship may be indicated by using colored bands in the
software design matrix.

207. The method of claim 203, further comprising:

identifying the parent-child relationship based on a num-
ber of markers in the off-diagonal sub-matrices.
208. The method of claim 204, further comprising:

identifying the aggregation relationship based on a num-
ber of markers in the off-diagonal sub-matrices.
209. The method of claim 200, further comprising:

indicating on-diagonal sub-matrices with a symbol; and

indicating off-diagonal sub-matrices with a symbol dif-
ferent from the symbol used to indicate on-diagonal
classes.
210. The method of claim 209, wherein the symbol used
to indicate on-diagonal classes is an asterix.
211. The method of claim 209, wherein the symbol used
to indicate off-diagonal sub-matrices is a d.
212. A method of designing software, comprising:

identifying one or more functional requirements of the
software;
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identifying design parameters to meet the functional
requirements;

decomposing the functional requirements and the design
parameters.
213. The method of claim 212, wherein the step of
decomposing the functional requirements and the design
parameters further comprises:

decomposing a high-level functional requirement into two
or more lower-level functional requirements;

decomposing a corresponding high-level design param-
eter to meet the two or more lower-level functional
requirements; and

ending the decomposition process when a design param-
eter can be mapped to a data member in an object-
oriented class.
214. A method for improving code performance, com-
prising:

representing a software system in a design matrix relating
design goals and implementation of the design goals,
the design matrix having a plurality of software ele-
ments that are defined along a diagonal of the design
matrix;

reducing coupling between the plurality of elements
defined along the diagonal by reducing an amount of
off-diagonal elements that link the plurality of ele-
ments.
215. A method for designing software, the method com-
prising:

displaying, in an interface shown in a display of a
software design system, information relating to a
sequence in which object-oriented software is to be
coded; and

displaying, in the same interface, information relating to
a design of the object-oriented software.

216. The method according to claim 215, further com-
prising displaying objects, classes and methods of the
design.

217. A method for designing software, the method com-
prising:

representing a software system in a design matrix relating
design goals and implementation of the design goals;
and

linking the design goals to the implementation, wherein a
change in the design goals produces a change in
implementation.

218. The method according to claim 217, further com-
prising using the design matrix to monitor progress of a
software project.

219. The method according to claim 217, further com-
prising maintaining documentation that describes the soft-
ware system in the design matrix.

220. The method according to claim 219, wherein a
change in the design goals or implementation produces a
change in the documentation.

221. The method according to claim 217, wherein the
design matrix includes a plurality of elements, and the
method further comprises:

representing at least one alternative element of the design
matrix; and
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displaying an effect of the alternative element on a struc-
ture of the software system represented by the design
matrix.

222. The method according to claim 221, further com-
prising maintaining, in a database of the software design
system, a plurality of alternative elements defined during a
designing of the software system.

223. A method for designing software, the method com-
prising:

displaying, in an interface shown in a display of a
software design system, information relating to a
sequence in which a plurality of object-oriented soft-
ware components are to be coded; and

displaying, in the same interface, an indication of a
dependency relation between at least two of the plu-
rality of object-oriented software components.

224. A method for designing software, the method com-

prising:

representing a software system in a design matrix relating
design goals and implementation of the design goals,
the design matrix having a plurality of elements; and

identifying a portion of the software system that is suit-
able for reuse by identifying one or more elements that
are independent of other elements in the design matrix.
225. The method according to claim 224, further com-
prising displaying, in an interface of a software design
system, a plurality of software elements defined along a
diagonal of the design matrix, and displaying an indication
that one or more of the plurality of software elements are
independent of other software elements in the design matrix.
226. A method for designing software, the method com-
prising:

a) determining a structure of at least two object-oriented
software objects represented by a first source of code;

b) determining, according to act a), a first representation
of the first source of code in a design matrix relating
design goals and implementation of the design goals;

¢) determining a second representation of software in the
design matrix; and

d) relating the first representation to the second represen-

tation in the design matrix.

227. The method according to claim 226, wherein the act
of relating includes linking a representation of at least one of
the at least two object-oriented software objects to an
element of the second representation of software.

228. The method according to claim 227, further com-
prising:

displaying to a user, by a software design system, an
interface displaying the design matrix, wherein the
second representation is produced by the user of the
software design system.

229. The method according to claim 227, wherein the
second representation of software is provided by determin-
ing a structure of at least two object-oriented software
objects represented by a second source of code, and by
determining the second representation by the structure of at
least two object-oriented software objects represented by the
second source of code.
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230. The method according to claim 226, wherein the first
source of code is a software component written in an
object-oriented programming language.

231. The method according to claim 230, wherein the
software component is a Javabean software component.

232. The method according to claim 229, wherein the
second source of code is a software component written in an
object-oriented programming language.

233. The method according to claim 232, wherein the
software component is a Javabean software component.

234. A method for designing software, the method com-
prising:

analyzing a structure of a first source of code;

representing the first source of code in a design matrix
relating design goals and implementation of the design
goals, the design matrix having a plurality of elements;
and

indicating, for the first source of code, an amount of
coupling among portions of the first source of code by
identifying one or more elements coupled elements in
the design matrix.

235. The method according to claim 234, further com-
prising displaying, in an interface of a software design
system, the design matrix, and displaying an indication that
one or more elements are coupled.

236. A method for testing software, the method compris-
ing:

analyzing a structure of a first source of code; and

indicating, for the first source of code, an amount of

coupling among portions of the first source of code.

237. The method according to claim 236, further com-
prising displaying, in an interface of a software design
system, the design matrix, and displaying an indication that
one or more elements are coupled.

238. The method according to claim 237, wherein the act
of identifying comprises identifying one or more coupled
elements in the design matrix.

239. The method according to claim 236, further com-
prising representing the first source of code in a design
matrix relating design goals and implementation of the
design goals, the design matrix having a plurality of ele-
ments.

240. The method according to claim 236, wherein the first
source of code comprises object-oriented software code.

241. The method according to claim 236, wherein the first
source of code is a compiled Java byte code.

242. The method according to claim 236, wherein the first
source of code is written in the C++ language.

243. The method according to claim 236, wherein the first
source of code is written in the Java programming language.

244. The method according to claim 236, wherein the first
source of code is a description of a code structure.

245. The method according to claim 243, wherein the
description of the code structure is in a markup language
format.

246. The method according to claim 244, wherein the
description is provided in HTML format.

247. A method for designing software using a computer
system comprising:

determining, by a user operating the computer system, a
system-level design;
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determining, by the user, an implementation of the deter-
mined system-level design; and

automatically relating, by the computer system, the deter-
mined implementation to the determined system level
design.
248. A method for designing software using a software
development system, the method comprising:

providing a first object-oriented class;
providing a second object-oriented class; and

indicating, by the software development system that an
object-oriented relationship should be established
between the first and second object-oriented classes.
249. The method of claim 248 wherein the act of provid-
ing a first object-oriented class further comprises identify-
ing, in a design matrix of a design equation, a first on-
diagonal sub-matrix which represents the first object-
oriented class and the act of providing a second object-
oriented further comprising identifying in the design matrix
and second on-diagonal sub-matrix which removes the sec-
ond object-oriented class.
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250. The method of claim 248 wherein the act of indi-
cating further comprises using off-diagonal elements of a
design matrix to indicate that an object-oriented relationship
should be established between the first and second object-
oriented classes.

251. The method of claim 250 further comprising coloring
the off-diagonal elements to indicate that an object-oriented
relationship exists between the first and second object-
oriented classes.

252. The method of claim 248 wherein the object-oriented
relationship is an inheritance relationship.

253. The method of claim 248 wherein the object-oriented
relationship is an aggregation relationship.

254. The method of claim 248 wherein the object-oriented
relationship is an association relationship.



